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95 (54) Title: NUCLEIC ACID IMMUNIZATION 

(57) Abstract: An immune response against an influenza virus is elicited in a subject by administering a vaccine composition com- 
^ prising a nucleic acid sequence that encodes an influenza virus M2 antigen. The nucleic acid sequence is not present in a recombinant 
^ viral vector. The nucleic acid sequence is expressed in the subject to provide the influenza virus M2 antigen in an amount sufiicient 
^ to elicit an immune response. 
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NUCLEIC AHTD TMM UNIZATIQN 



TenhTiical Field 

The invention relates to the fields of molecular biology and immunology, and 
5 generally relates to nucleic acid immunization techniques. More specifically, the 
invention relates to polynucleotides encoding an influenza antigen, and to nucleic 
acid immunization strategies employing such polynucleotides. 

Background 

10 Techniques for the injection of DNA and mRNA into mammalian tissue for 

the purposes of immunization against an e:q)ression product have been described in 
the art. The techniques, termed "nucleic acid inmnunization" herein, have been 
shown to elidt both humoral and cell-mediated immune responses. For example, 
sera fi'om mice immunized with a DNA construct encoding the envelope 

15 glycoprotein, gpl60, were shown to react with recombinant gpl60 in immunoassaySj 
and lymphocytes from the injected mice were shown to proliferate in response to 
recombinant gpl20. Wang et al. (1993) Proc. Natl Acad. ScL USA 90:4156-4160. 
Similarly, mice immunized witih a human growth homione (hGH) gene demonstrated 
an antibody-based immune response. Tang et al. (1992) Nature 356:152-154. 

20 Intramuscular injection of DNA encoding influenza nucleoprotein driven by a 

mamnqalian promoter has been shown to elicit a CD8+ CTL response that can protect 
mice against subsequent lethal challenge with virus. Uhner et al. (1993) Science 
259: 1745-1749. Immunohistochemical studies of the injection site revealed that ihe 
DNA was taken up by myeloblasts, and cytoplasmic production of viral protein could 

25 be demonstrated for at least 6 months. 

Summary of the Invention 
It is a primary object of the inveation to provide a polynucleotide vaccine 
composition containing a nucleic acid sequence that encodes at least one influenza 
30 virus M2 antigen. The nucleic acid sequence is not presmt in a recombinant viral 
vector. The ccnz9)osition can be used as a reagent in various nucleic add 
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mrnnmization strategies. 

It is also a primary object of the iiivention to provide a method for elidting an 
immune response against one or more influenza viruses in an immunized subject. 
The method entails transfecting cells of the subject with a polynucleotide vaccine 
5 composition according to the present invention, that is, a composition containing a 
sequence tihat encodes at least one influenza vims M2 antigen. Expression cassettes 
and/or vectors containing any one of the nucleic acid molecules of the present 
invention can be used to transfect the cells, and transfection is carried out under 
conditions that permit expression of the antigens within the subject The method 

10 may further entail one or more steps of administering at least one secondary 
composition to the subject 

The transfection procedure earned out during the immunization can be 
conducted either in vzvo, or ex vivo (e.g., to obtain transfected cells which are 
subsequently introduced into the subject prior to carrying out the secondary 

15 immunization step). When in vivo transfection is used, the recombinant nucleic acid 
molecules can be administered to the subject by way of intramuscular or intradermal 
injection of plasmid DNA or, preferably, administered to the subject using a particle- 
mediated delivery technique. Secondary vaccine conqx)sitions can include the M2 
antigen of interest, or other influenza antigens in the form of any suitable vaccine 

20 composition, for example, in the form of a peptide subunit composition, in the form 
of a nucleic add vaccine composition, or in the form of a whole or split virus 
influenza vaccine composition. 

Advantages of the present invention include, but are not limited to: (i) 
providing recombinant polynucleotides encoding an influenza virus M2 antigen; and 

25 (ii) use of these polynucleotides as reagents in nucleic acid immunization strategies 
to attain a broadly protective immune response against influenza virus infection. 

These and other objects, aspects, embodiments and advantages of the present 
invention will readily occur to those of ordinary skill in the art in view of the 
disclosure herein. 
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Brief Descaiption of Ihe Drawings 
Figure 1 depicts an amino acid sequence alignment of ihe extracellular 
domains of the M2 proteins of 37 different influenza type A strains (SEQ ED NO: 1 , 
5 SEQ ID N0:2, and SEQ ID N0:3), wherein the amino add residues in bold text 
denote the variable amino acid positions 

Figure 2 shows the M2 coding sequence for the influenza strain 
A/Kagoshima/10/95 (H3N2) (SEQ ID N0:9 and SEQ ID NO: 10) that was used in 
the methods of Example 1. 
1 0 Figure 3 is a restriction map and functional map of plasmid pM2-FL that 

encodes an influenza M2 protein. The M2 coding sequence of pM2-FL was derived 
using the KNA of influenza virus A/Sydn^/5/97 (H3N2) as a tenq)late. 

Figure 4 is an amiotated depiction of the nucleotide sequence of the pM2-FL 
plasmid (SEQ ID NO: 11). 
1 5 Figure 5 depicts the geometric mean levels of influenza vims in the 

vaccinated and control animals assessed in the study of Example 5. 

Detailed Description of the Invention 
Before describing the present invention in detail, it is to be understood that 

20 this invention is not limited to particularly exemplified molecules or process 
paranieters as such may, of course, vary. It is also to be understood that the 
terminology used herein is for the purpose of describing particular embodiments of 
the invention only, and is not intended to be limiting. In addition, the practice of the 
present invention will employ, unless otherwise indicated, conventional methods of 

25 virology, microbiology, molecular biology, recombinant DNA techniques and 

immunology all of which are within the ordinary skill of the art. Such techniques are 
explained fully in the literature. See, e.g., Sambrook, et al., Molecular Cloning: A 
Laboratory Manual (2nd Edition, 1989); DNA Cloning: A Practical Approach, vol. I 
& n (D. Glover, ed,); Oligonucleotide Synthesis (N. Gait, ed., 1984); A Practical 

30 Guide to Molecular Cloning (1984); and Fundamental Virology, 2nd Edition, vol. I 
& U (B.N. Fields and D.M. Knipe, eds.). 
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All publications, patents and patent applications cited herein, whether supra 
or infra, are hereby incorporated by reference in their entirety. 

It must be noted that, as used in this specification and the appended claims, 
the singular fonns "a," "an" and "the" include plural referents unless the content 
5 clearly dictates otherwise. 

Definitions 

Unless dejSned otherwise, all technical and scientific terms used herein have 
the same meaning as commonly understood by one of ordinaxy skill in the art to 

1 0 which the invention pertains. Although a number of methods and materials similar 
or equivalent to those desaibed herein can be used in the practice of the present 
invention, the preferred materials and methods are described herein. 

In describing the present invention, the following terms will be employed, 
and are intended to be defined as indicated below. 

15 The term "nucleic acid immunization" is used herein to refer to the 

introduction of a nucleic acid molecule encoding one or more selected antigens into a 
host cell for the in vivo expression of the antigen or antigens. The nucleic acid 
molecule can be introduced directiy into the recipient subject, such as by standard 
intramuscular or intradermal injection; transdermal particle delivery; inhalation; 

20 topically, or by oral, intranasal or mucosal modes of administration. The molecule 
alternatively can be introduced ex vivo into ceUs which have been removed from a 
subject In this latter case, cells containing the nucleic acid molecule of interest are 
re-introduced into the subject such that an immune response can be mounted against 
flie antigen encoded by the nucleic acid molecule. The nucleic acid molecules used 

25 in such immunization are generally referred to herein as "nucleic acid vaccines." 

By "core carrier" is meant a carrier on which a guest nucleic acid (e.g., DNA, 
RNA) is coated in order to impart a defined particle size as well as a sufficientiy high 
density to achieve the momentum required for cell membrane penetration, such that 
the guest molecule can be delivered using particle-mediated techniques (see, e.g., 

30 U.S. Patent No. 3,100,792). Core carriers typically include materials such as 
tungsten, gold, platinnm, ferrite, jpolystyrene and latex. See e.g.. Particle 
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Bombardment Technology for Gene Transfer, (1994) Yang, N. ed, Oxford 
University Press, New York, NY pages 10-11. 

By "needleless syringe" is meant an instrument -which delivers a particulate 
coniposition transdennally without Ihe aid of a conventional needle to pierce the 
5 skin. Needleless syringes for use with the present invention are discussed throughout 
this document 

The term "transdermal" delivery intends intradermal (e.g., into the dermis or 
epidermis), transderaial (e.g., "percutaneous") and transmucosal administration, i.e., 
delivery by passage of an agent into or througji skin or mucosal tissue. See, eg., 

1 0 Transdermal Drug Delivery: Developmmtal Issues and Research Initiatives, 
Hadgraft and Gny (eds.), Marcel Dekker, Inc., (1989); Controlled Drug Delivery: - 
Fundamentals and Applications, Robinson and Lee (eds.). Marcel Dekker Inc., . 
(1987); and Transdermal Delivery of Drugs, Vols. 1-3, Kydonieus and Bemer (eds.), 
CRC Press, (1987). Thus, the term encon:5)asses delivery from a needleless syringe 

15 deliver as described in U.S. Patent No. 5,630,796, as well as particle-mediated 
delivery as described in U.S. Patent No. 5,865,796. 

A "polypeptide" is used in it broadest sense to refer to a compound of two or 
more subimit amino acids, amino acid analogs, or other peptidonmnetics. The 
subunits may be linked by peptide bonds or by other bonds, for example ester, ether, 

20 etc. As used herein, the term "amino add" refers to either natural and/or nnnatural or 
synthetic amino acids, including glycme and both the D or L optical isomers, and 
amino acid analogs and peptidomimetics. A peptide of three or more amino acids is 
commonly called an oligopeptide if the peptide chain is short If the peptide chain is 
long, the peptide is typically called a polypeptide or a protem. 

25 An "antigm" refers to any agent, generally a macromolecule, which can elicit 

an immunological response in an individual. The term may be used to refer to an 
individual macromolecule or to a homogeneous or heterogeneous population of 
antigenic macromolecules. As used herein, "antigen" is generally used to refer to a 
protein molecule or portion thereof which contains one or more epitopes. For 

30 purposes of the present invention, antigens can be obtained or derived from any 
appropriate source. Furthermore, tor purposes of the present invention, an "antigen" 
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includes a protein having modiflcatioBs, such as deletions, additions and 
substitutions (generally conservative in nature) to the native sequence, so long as the 
protein maintains sufficient immunogenicity. These modifications may be 
deliberate, for exaniple through site-directed mutagmesis, or may be accidental, such 
5 as through mutations of hosts which produce the antigens. 

By "subunit vaccine" is meant a vaccine composition which includes one or 
more selected antigens but not all antigens, derived from or homologous to, an 
antigen from a pathogen of interest such as from a virus, bacterium, parasite or 
fungus. Such a composition is substantially free of intact pathogen cells or 

1 0 pathogenic particles, or is the lysate of such cells or particles. Thus, a "subunit 
vaccineV can ]be prepared from at least partially purified (preferably substantially 
purified) immunogenic polypeptides from the pathogen, or analogs thereof. Methods 
for obtaining an antigen to be included in a subunit Vaccine can thus include standard 
purification techniques, recombinant production, or synthetic production. 

1 5 Commercially available influenza subunit vaccines include the FLUVTRIN™ (Evans 
Medical Limited, Medeva) product which is a purified sxirface antigen (HA) 
preparation. 

The term "whole virus vaccine" refers to a vaccine composition that contains 
entire virions that have been inactivated or killed An example of a whole virus 

20 vaccine is the inactivated poliovirus vaccine. A "live attenuated virus vaccine" refers 
to whole virus vaccine formed with an infectious but weakened virus strain that 
induces immunity but no disease in a vaccinated subject Such strains are generally 
weakened by virus culture in unnatural host cells. Examples of live attenuated virus 
vaccines include the conventional measles, mumps and rubella vaccines. 

25 By "split vaccine" is meant a vaccine composition that is constituted of 

virions that have been subjected to treatment with agents such as detergents which 
dissolve lipids to disrupt the virions, allowing the removal of pyrogenic substances. 
The term can be used interchangeably with the terms "split virus," "split virion" and 
"split antigen" which have the same meaning herein. Commercially available 

30 influenza split vaccines include the FLU-SIBELD™ (Wyeth-Lederle Laboratories) 
product, the FLUZOKE™ (Pasteur-Merieux Connaught Laboratories) product and 
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the FLUOGBN™ (Paikdale) product 

An "ifflmune response" against an antigen of interest is tbe development in an 
individual of a huinoral and/or a cellular immune response to that antigen. For 
purposes of the present invention, a '^humoral immune response" refers to an immune 
5 response mediated by antibody molecules, while a "cellular immune response" is one 
mediated by T-lymphocytes and/or other white blood cells. 

The terms "nucleic acid molecule" and "polynucleotide" are used 
interchangeably herein and refer to a polymeric form of nucleotides of any length, 
either deoxyribonucleotides or riboiiucleotides, or analogs thereof Polynucleotides 

10 may have any three-dimensional stmcture, and may perform any function, known or 
unknown* Non-limiting racamples of polynucleotides include a gene, a gene 
fragment, exgns, introns, messenger RNA (mRNA), transfer KNA, ribosomal RNA, 
ribozymes, cDNA, recombinant polynucleotides, branched polynucleotides, 
plasmids, vectors, isolated DNA of any sequence, isolated KNA of any sequence, 

1 5 nucleic acid probes, and primers. 

A polynucleotide is typically composed of a specific sequence of four 
nucleotide bases: adenine (A); cytosine (C); guanine (G); and thymine (T) (uracil (U) 
for thymine (T) when the polynucleotide is KNA). Thus, the term nucleic acid 
sequence is the alphabetical representation of a polynucleotide molecule. This 

20 alphabetical representation can be input into databases in a coiioputer having a central 
processing unit and used for bioinformatics applications such as functional genomics 
and homology searching. 

A "vector" is capable of transferrmg nucleic acid sequences to target cells 
(e.g., viral vectors, non-viral vectors, particulate carriers, and Kposomes). Typically, 

25 "vector construct," "expression vector," and "gene transfer vector," mean any nucleic 
acid construct capable of directing the expression of a gene of interest and which can 
transfer gene sequences to target cells. Thus, the term includes cloning and 
expression vehicles, as well as viral vectors. A "plasmid" is a vector in the form of 
an extrachromo3omal genetic element 

30 A nucleic acid sequence which "encodes" a selected antigea is a nucleic acid 

molecule which is transcribed (in the case of DNA) and translated (in the case of 
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mRNA) into a polypeptide in vivo when placed under the control of appropriate 
regulatoiy sequences. The boundaries of the coding sequence are determined by a 
start codon at the 5' (amino) tenninus and a translation stop codon at the 3' (carboxy) 
terminus. For the purposes of the invention, such nucleic acid sequences can include, 
5 but are not limited to, cDNA firom viral, procaryotic or eucaiyotic mKNA, genomic 
sequences from viral or procaryotic DNA or RNA, and even synthetic DNA 
sequences. A transcription termination sequence may be located 3' to the coding 
sequence. 

A "promoter" is a nucleotide sequence which initiates and regulates 

1 0 transcription of a polypeptide-encoding polynucleotide. Promoters, can include 

inducible promoters (where expression of a polynucleotide sequence operably linked 
to the promoter is induced by an analyte, cofactor, regulatory protein, etc.), 
repressible promoters (where expression of a polynucleotide sequence operably 
linked to the promoter is repressed by an analyte, cofactor, regulatory protein, etc.), 

1 5 and constitutive promoters. It is intended that the term "promoter" or "control 
element" includes full-length promoter regions and functional (e.g., controls 
transcription or translation) segments of these regions. 

"Operably linked" refers to an arrangement of elements wherein the 
components so described are configured so as to perform their usual function. Thus, 

20 a given promoter operably linked to a nucleic acid sequence is capable of effecting 
the expression of that sequence when the proper enzymes are present. The promoter 
need not be contiguous with the sequence, so long as it functions to direct the 
expression thereof. Thus, for example, intervening untranslated yet transcribed 
sequences can be present between the promoter sequence and the nucleic add 

25 sequence and the promoter sequence can still be considered "operably linked" to the 
coding sequence, 

"Recombiaant" is used herein to describe a nucleic acid molecule 
(polynucleotide) of genomic, cDNA, semisynthetic, or synthetic origin which, by 
virtue of its origin or inaciipulation is not associated with all or a portion of the 

30 polynucleotide with which it is associated in nature and/or is linked to a 

polynucleotide.other than that to which it is linked in nature. Two nucleic acid 
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sequences which are ccmtaiiied within a single recombinant nucleic add molecale are 
"heterologous" relative to each other when they arc not normally associated with 
each other in nature. 

Techniques for determining nucleic acid and amino acid "sequence idoitily" 
5 or "sequence homology" also are known in the art. Typically, such techniques 
include determining the nucleotide sequence of the mRNA for a gene and/or 
detennining the amino acid sequence encoded thereby, and canq)aring these 
sequences to a second nucleotide or amino acid sequence. In general, "identity" 
refers to an exact nucleotide-to-nucleotide or amino acid-to-amino add 
10 correspondence of two polynucleotides or polypqjtide sequences, respectively. Two 
or more sequences (polynucleotide or amino add) can be compared by determinmg 
their "percent identity." The percent identity of two sequences, whether nucleic add 
or amino acid sequences, is the number of exact matches between two aligned 
sequences divided by the length of the shorter sequences and multiplied by 100. An 
15 approximate aUgnment for nudeic acid sequences is provided by the local homology 
algorithm of Smith and Waterman, Advances in A pplied Mathematics 2:482-489 
(1981). This algorithm can be ^plied to amino acid sequences by using the scoring 
matrix developed by rx'y^r.fF, ^t^^s nf TPmtein Senuences and Strocture, M.O. 
D^hoff ed., 5 suppl. 3:353-358, National Biomedical Research Foundation, 
20 Washington, D.C., USA and normaUzed by Gribskov, Nud. Adds Res. 14(6):6745- 
6763 (1986). An exemplary implementation of this algorithm to detamine percent 
identity of a sequence is provided by the Genetics Con^uter Group (Madison, WI) in 
the "BestFit" utility application. The defauh parameters for tiiis method are 
described in the Wisconsin Sequence Analysis Package Program Manual, Version 8 
25 (1995) (available from Genetics Computer Group, Madison, WI). A preferred 
method of establishing percent identity in the context of the present invention is to 
use the MPSRCH package of programs copyrighted by the University of Edinburgh, 
developed by John F. Collins and Shan?5 S. Stuxrpk, and distributed by 
IntelliGenetics, Inc. (Mountain View, CK). From this suite of packages the Sniith- 
30 Waterman algorithm can be employed where defralt parameters are used for the 
scoring table (for example, gap open penalty of 12, gap extension penalty of one, and 
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a of six). From the data geaerated the "Match" value reflects "sequence 
identity." Other suitable programs for calculating the percent identity or similarity 
between sequences are generally known in the art, for example, another alignment 
program is BLAST, used wifli default parameters. For example, BLASTN and 
5 BIASTP can be used using the following default parameters: genetic code = 
standard; filter none; strand = both; cutoffs 60; expect = 10; Matrix = 
BLOSUM62; Descriptions = 50 sequences; sort by = HIGH SCORE; Databases = 
non-redundant, GenBank + BMBL + DDBJ + PDB + GenBank CDS translations + 
Swiss protein + Spupdate + PIR. Details of these programs can be found at the 

10 following intemet address: http://www.ncbi.nlm.gov/cgi-bin/BLAST, 

Alternatively, homology can be determined by hybridization of . 
polynucleotides under conditions which form stable duplexes between homologous 
regions, followed by digestion with single-stranded-specific nuclease(s), and size 
determination of the digested firagments. Two DNA, or two polypeptide sequences 

15 are "substantially homologous" to each other when the sequences exhibit at least 
about 80%-85%, preferably at least about 90%, and most preferably at least about 
95%-98% sequence identity over a defined length of the molecules, as determined 
using the methods above. As used herein, substantially homologous also refers to 
sequences showing complete identity to the specified DNA or polypeptide sequence. 

20 DNA sequences that are substantially homologous can be identified in a Southern 
hybridization experiment under, for example, stringent conditions, as defined for that 
particular system. For example, stringent hybridization conditions can include 50% 
foimamide, 5x Denhardt's Solution, 5x SSC, 0.1% SDS and 100 ng/ml denatured 
salmon sperm DNA and the washing conditions can include 2x SSC, 0. 1% SDS at 

25 3VC followed by Ix SSC, 0.1% SDS at 68*^C. Defining appropriate hybridization 
conditions is within the skill of the art See, e.g., Sambrook et al., supra', DNA 
Cloning, supra', Nucleic Acid Hybridization, supra. 

The term "adjuvant" intends any material or composition capable of 
specifically or non-specifically altering, dohandng, directing, redirecting, 

30 potentiating or initiating an antigen-specific immune response. Thus, 

coadministration of an adjuvant with an antigen may result hi a lower dose or fewer- 
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doses of antigea being necessaiy to achieve a desired immime response in the subject 
to which the antigen is adniiziistered, or coadministration may result in a qualitatively 
and/or quantitatively different immune response in the subject The effectiveness of 
an adjuvant can be determined by administering the adjuvant with a vaccine 
5 composition in parallel with vaccine composition alone to animals and conq)aring 
antibody and/or cellular-mediated immunity in the two groups using standard assays 
such as radioimmunoassay, ELISAs, CTL assays, and the like, all well known in the 
art. Typically, in a vaccine composition, the adjuvant is a separate moiety from tte 
antigen, although a single molecule can have both adjuvant and antigen properties 

1 0 (e.g. , cholera toxin). 

An "adjuvant composition" intends any pharmaceutical composition 
containing an adjuvant Adjuvant compositions can be delivered in the methods of 
the invention while in any suitable pharmaceutical form, for example, as a liquid, 
powder, cream, lotion, emulsion, gel or the like. However, preferred adjuvant 

1 5 compositions will be ia particulate form. It is intended, although not always 

explicitly stated, that molecules having similar biological activity as wild-type or 
purified peptide or chemical adjuvants, and nucleic acid encoding adjuvant molecules 
can be used within the spirit and scope of the invention. 

The terms "individual" and "subject" are used interchangeably herein to refer 

20 to any member of the subphylum cordata, iacluding, without limitation, hxmians and 
other primates, including non-human primates such as chimpanzees and other apes 
and monkey species; farm animals such as cattle, sheep, pigs, goats and horses; 
domestic mammals such as dogs and cats; laboratoiy animals includiog rodents such 
as mice, rats and guinea pigs; birds, including domestic, wild and game birds such as 

25 chickens, turkeys and other gallinaceous birds, ducks, geese, and the like. The terms 
do not denote a particular age. Thus, both adult and newbom individuals are 
intended to be covered. The methods described herein are intended for use iu any of 
the above vertebrate species, since the immune systems of all of these vertebrates 
operate similarly. 

30 
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General Overview 

The present invention provides novel nucleic acid molecules containing a 
sequence that encodes an influenza virus M2 antigen. The M2 antigen sequence is 
not present in a recombinant viral vector. These molecules are useful in eliciting an 
S immune response in a subject against influenza virus. In particular, the present 
inventors have determined that, surprisingly, a nucleic acid immunization technique 
(e.g, particle-mediated delivery of core carrier particles coated with the nucleic acid 
molecules of the present invention) can be used to elicit an immune response against 
influenza virus in an immunized subject, and that the resultant immune response 

10 provides protection against disease associated with infection of essentially all 
influenza virus type A strains due to the exceptionally high degree of sequence 
conservation in the M2 protein among these different strains. 

Influenza viruses type A and type B are members of the family of 
Orthomyxovimses and are important human pathogens. In particular, influenza, an 

1 5 acute illness caused by infection of the respiratory tract with influenza A or B virus, 
causes significant morbidity and mortality worldwide due to regxilar outbreaks 
occurring nearly every year, necessitating annual vaccination in at-risk population 
groups such as the elderly and immunocompromised individuals. Influenza also has 
the potential to be catastrophic due to periodic epidemics and pandemics caused by 

20 newly emerging influexiza virus strains. These new strains emerge due to the 

phenomena of antigenic drift and antigenic shift in the influenza virus, which allows 
these viruses to change or mutate their antigenic make-up. Antigenic drift and shift 
events result in new strains that can avoid pre-existing immune responses in 
individuals established by prior vaccination or prior infection. Annual vaccination is 

25 thus required for these viruses. 

Influenza type A and type B viruses are negative stranded RNA viruses in 
which the viral genomes are divided into 8 separate single stranded RNA segments. 
Influenza A and B viruses represent different mcjmbers of the same genus and are 
morphologically indistinguishable, but share no serplogical cross-reactivity. In 

30 addition, the type A and type B Viruses are different enough that individual RNA 
segments firotd one virus caimot be substituted for the homologous or similar 
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segment of the other vims. 

The nucleocapsid core of influeoza type A and B viruses contains the 8 RNA 
segments and is found Tfdthin a lipid envelope (of cellular origin) along with several 
intonal structural and nonstructural protems that include nucleoprotein (NP), matrix 

5 (Ml), polymerase (PBl, PB2, and PA), and nonstractural (NSl andNS2) molecules. 
Integrated into the membrane and exposed to the outer surface of the virus are two 
major glycoproteins, the hemagglutinin (HA) and neuraminidase (NA) glycoproteins. 
In addition, a third minor membrane protein, M2, is found in small quantities (20 to 
60 molecules per virion). 

10 New influenza virus strains arise by point mutation of individual genes and 

by reassortment of the 8 genomic RNA segments when an individual or animal is 
infected simultaneously with more than one viral strain. Point mutations that result 
in amino acid sequence changes in the HA or NA genes are responsible for the 
phenomenon of "antigenic drift." Antigenic drift occurs in both type A and type B 

1 5 viruses. The phenomenon of reassortment is responsible for "antigenic shift" that 
occurs when an influenza type A virus acquires a new HA or NA gene by virtue 
virtue of having acquired a new RNA segment Antigenic shift is limited to type A 
vimses since type A viruses have multiple serotj^es circulating for both the HA and 
NA genes. Multiple serotypes of the HA and NA genes of the type B viruses do not 

20 exist 

The HA andNA antigens (the nmjor surface glycoproteins) are the important 
antigens in terms of protective immunity against influenza virus infection. 
Neutralizing antibody responses are directed predominantly against the HA gene 
product and, to a lesser extent, the NA gene product A substantial cytotoxic T 

25 lymphocyte (CTL) response is also directed against the HA gene product, but this 
reponse likely plays a limited role in providing protective immunity against disease. 
The NP, PBl, PB2, PA, Ml, M2 and NSl andNS2 proteins of influenza viruses are 
markedly more conserved between strains and nautations in these genes do not play a 
rol&in the ph^omena of antigenic drift and antigenic shift. 

30 Current licensed influenza vaccine products arp derived from influenza virus 

grown in eggs which is then inactivated to provide whole virus vaccine 
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compositions, or further processed to provide split virus vaccine compositions or 
purified surface antigen vaccine compositions. All of these vaccine products target 
the HA aad/or NA ^ntigens as these are considered to be the most important targets 
for the induction of antibody responses via vaccination. While antibody and cellular 

S immune responses arise against other influenza antigens, it has been amply 
demonstrated that protective immunity is mediated predominantly by serum and 
mucosal antibody responses specific for the HA and NA antigens. Animal models 
support this dogma in which it has been shown that passive transfer of monoclonal 
antibodies to HA or NA antigens is protective against challenge, whereas passive 

10 transfix of antibodies specific for NP or M antigens provides little or no protection at 
all. Askonas et al. (1982) "The immune response to influenza vunses and the 
problem of protection against infection/' in Basic and applied influenza research, 
Beare A.S. ed, CRC Press, Boca Raton FL, ppl59-188. 

In contrast to HA andNA, the influenza M2 antigen has generally been 

15 ignored as a vaccine candidate due to the limiting quantities of M2 on influenza 
virions and the fact that M2-specific antibodies that arise in patients following 
infection are weak, transient and sporadic. Black et al. (1993) X Gen, Virol 74: 143- 
146. However, unlike the HA and NA antigens, the M2 protein is very highly 
conserved throughout all influenza type A isolates, independent of subtype. The high 

20 degree of conservation of M2 among all type A isolates indicates that this protein is 
likely not an important antigen in terms of the host's natural reaction to an influenza 
virus infection. If natural M2-^pecific responses were responsible for eliciting 
protection against infection, there would likely be selective pressure for considerable 
heterogeneity in the M2 amino acid sequence such as there is for HA and NA. 

25 Even though M2-specific antibody responses are not abundantly induced 

following a natural infection, recent attempts to produce alternative influenza 
vaccines have used M2 as a potential vaccine antigen, where recombinant M2 
proteins, or M2 subfiragments, have been produced in recombinant expression 
systems and used as. candidate subunit vaccines (see, e.g., International Publication 

30 Nos. WO 93/03 173, pubUshed 18 Febraary 1993, and WO 99/28478, pubUshed 10 
June 1999, and US Patent No. 5,691,189 to Kurtz et al.). The basic assumption 
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behind Hie use of recombmant M2 protems in these vaccine conqjositions is that they 
should induce a more vigorons and durable M2-specific response than otherwise 
eUcited in a natural infection. This effect has in fact been rqjorted by several groups 
which produced the M2 protein (or parts thereof) in recombinant expression systems 
5 and then used the same as a recombinant subunit vacdne in mice (Slepushkm et al. 
(1995) Vaccine 13:1399-1402; Frace et al. (1999) Vaccine 17:2237-2244; and 
Neiryncketal. {1999) Nature Med. 5:1157-1163). In all three cases, M2-specific 
antibody responses elicited by vaccinatirai were capable of protecting mice from 
death (but not infection) m a lethal inouse influaiza challenge model 
10 ]ta light of the rdative successes seen with recombinant M2 vaccine 

compositions, it may seem that the use of a Hve virus vector to supply M2 antigen in 
VIVO would be an ideal means of producing a vigorous and durable M2-speci£LC 
antibody response. However, in stark contrast to such expectations, past attempts at 
immunization by inserting a DNA sequence encoding the M2 protein in vaccinia 
1 5 virus recombinant vectors and immunizing mice and ferrets with such vectors have 
failed, resulting in no measurable vaccine protection (Epstein et al. (1993) J. 
Immunol. 150:5484-5493 and Jakeman et al. (1989)7. Gen. Virol. 70:1523-1531). 
From this observation, it serans that M2 cession induced in vivo (e.g., by natural 
influenza virus infection or by nucleic acid umnunization techniques) is not effective 
20 m inducing protective M2-spedfic antibody responses. In contrast, the fomMilation 
of M2 recombinant subunit protans, protein fragments, or fusion proteins seems 
better suited for the elicitation of M2-specific antibody responses that wiU afford 
protection from symptoms associated -witii influenza virus infecticm. 

As noted above, the present invention relates to the surprising discovery that 
25 a nucleic acid immunization technique can be used to provide a robust, M2-specific 
immune response, and that this immune response is able to provide vaccine 
protection against influenza disease. Thus, in one embodiment of the invention, a 
polynucleotide, vaccine comixjsition is provided, whaein tiie coo^osition contains a 
nucleic acid sequence encoding an influaiza virus M2 antigen. The nucleic acid 
30 sequence is not ptesentmarecoinbinaat viral vector. The M2 antigen is obtabed or 
derived from the M2 protein of influenza type A virus. The M2 protein of influenza 
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type A vinis is a siiiaU, 97 amino acid integral M2 is f oxind in 

limited quantities in tbe virion (Zebedee et al. (1988) J. Virol 62:2762-2772), but in 
much larger quantities integrated into the meinhrane of an infected cell (Lamb et al. 
(1985) Cell 40:627-633), M2 is a type m integral membrane protein in that its N- 
5 terminus is ejqposed to the outside of the cell, but lacks a cleavable signal peptide 
sequence. Adjacent to the 24 amino acidN-terminal extracellular domain is a 19 
amino acid transmembrane domain, followed by a 54 amino acid cytoplasmic tail at 
the C-terminus . The M2 protein exists in the membrane of infected cells and virions 
as a homotetramer conq)osed of two disulfide linked dimers that are attached 

10 noncovalently. The M2 homotetramer has ion channel activity that is required for 
completion of the influenza infectious cycle. 

Figure 1 shows a sequence comparison of the 24 amino acid esctracellular 
domain of the M2 protein from 37 different influenza type A isolates. These 37 
isolates represent a span of 61 years of evolutionary history of the influenza A and 

15 include three different subtypes (H3N2, H2N2, and HlNl). As noted in the figure, 
there are only two variable amino acid positions in the extracellular domain among 
the 37 isolates (amino acid positions 16 and 21). Moreover, each of these two 
positions has only two possible amino acid residues and only three combinations of 
the two variable positions are observed, resulting in only tiiree extracellular domains: 

20 MSLLTEVETPIRNEWECRCNGSSD (SEQ ID NO: l)i 
MSLLTBVBTPIKNEWGCRCNDSSD (SEQ IDN0:2); and 
MSLLTBVETPIRNBWGCRCNGSSD(SEQIDN0:3). Thus, in certain 
embodiments, the present polynucleotide vaccine compositions contain a nucleic acid 
sequence encoding an influenza virus M2 polypeptide that comprises the amino acid 

25 sequence of one or more of SBQ ID NO: 1, SEQ ID N0:2, SEQ ID N0:3, or hybrids 
or combinations thereof In one particular embodiment, a hybrid sequence is used 
where the first variable amino acid position was derived fi'om the M2 sequence of 
influenza virus A/Kagoshima/10/95 and the second variable amino acid position was 
derived fi'om the M2 sequence of influenza virus A/Sydney. This particular M2- 

30 encQding sequence is present in the vector pM2-FL described in detail herein below. 
The high degree of conservation within M2 fi-om various isolates suggests that the 
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vaccine strategies of Ihe present invention have the potential to elicit antibocfy 
responses that are broadly protective. 

The polynucleotide vacdne compositions of the invention can be used as 
standalone vaccines, or as part of a multi-component vacdne composition. For 

5 example, in a multi-component vacdne con5}Osition, the present nudeic acid 
molecules are combined with additional nuddc acid molecules encoding additional 
influenza antigens known to be important for providing protection against influenza, 
for example, molecules containing sequences that encode influenza HA or NA 
antigens. Alternatively, the multi-component vaccine composition may contain 

1 0 conventional whole virus, split virus or purified viral subunit influenza vacdne 
preparations that are rich in the HA antigen. These additional components. help 
provide immune responses that are more strain-specific due to the variability of the 
HA andNA antigens fi-om strain to strain, and fi-om year to year. The M2 nucldc 
acid vaccine component of these multi-component vacciae con5)Ositions helps 

1 5 complement the efficacy of these more traditionally based influenza vaccine 

compositions by allowing for broadly protective rather than strain-specific immune 
responses in vaccinated subjects. Thus, the invention provides more effective 
vaccines and methods of immunization against infection with influenza virus. 

20 Polyimdeotides 

In one embodiment, a recombinant polynucleotide vaccine composition is 
provided The composition includes one or more nucleic add molecules that contain 
a sequaice encoding an influenza virus M2 antigen. In one particular embodiment, a 
cocktail of nucleic acid molecules is provided, where at least one nucldc acid 

25 molecule in the cocktail has a sequence encoding a M2 antigen. 

The entire genomes of the influenza type A and B viruses have been 
sequenced and the sequences are publically available, for example on the World 
Wide Web, and are deposited with GENBANK. In particular, the DNA sequences of 
the M2 genes of nmnerous influenza A viruses are Imown and are readily available 

30 (Ito et al. (1991) 7. ViroL 65:5491-5498). Active variants of these antigen sequences 
may also be uised in the compositions and methods of the present invention. 
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Sequences encoding the selected M2 antigen are typically inserted into an 
appropriate vector (e.g., a plasmid backbone) using known techniques and as 
described below in the Examples. 

The sequence or sequences encoding the influenza M2 antigen of interest can 
5 be obtained and/or prepared using known methods . Tor example, substantially pure 
antigen preparations can be obtained using standard molecular biological tools. That 
is, polynucleotide sequences coding for the above-described antigens can be obtained 
using recombinant methods, such as by screening cDNA libraries from cells 
expressing an antigen, or by deriving the coding sequence for the M2 antigen from a 

10 vector known to include the same. The M2 sequence can also be obtained.directly 
from the RNA of purified type A influenza virus. Many influenza, virus strains are 
on deposit with the American Type Culture Collection ATCC, and yet others are 
available from national and international healtii organizations such as the Cent^ of 
Disease Control (Atianta, GA). See, e.g., Sambrook et al., supra^ for a description of 

15 techniques used to obtain and isolate nucleic acid molecules. Polynucleotide 
sequences can also be produced synthetically, rather than cloned. 

Yet another convenient method for isolating specific nucleic acid molecules 
is by the polymerase chain reaction (PGR). Mullis et al. (1987) Methods Enzymol 
155:335-350. This technique uses DNA polymerase, usually a thermostable DNA 

20 polymerase, to replicate a desired region of DNA. The region of DNA to be 

replicated is identified by oligonucleotides of specified sequence complementary to 
opposite ends and opposite strands of the desired DNA to prime the replication 
reaction. The product of the first round of replication is itself a template for 
subsequent replication, thus repeated successive cycles of replication result in 

25 geometric amplification of the DNA fragment delimited by the primer pair used 
These same techniques can be used to obtain sequences encoding other 
influenza antigens. The relative ease of producing and purifying nucleic acid 
constmcts facilitates the generation of combination vaccines, for example, 
polynucleotide, vaccine compositions that contain one or more nucleic acid molecules 

30 containing an M2 sequence in combination with other M2 sequences or further 
influenza antigen sequences (sequences encoding NP, HA, NA, Ml, PBl, PB2, PA, 
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NSl and/or NS2 antigens). 

Once tiie relevant sequences for the M2 antigens of interest and, alternatively, 
sequences encoding other influenza antigens such as HA or NA antigens, have been 
obtained, they can be linked together to provide one or more contiguous nucleic acid 
5 molecules using standard cloning or molecular biology techniques. More 

particularly, after sequence information for one or more M2 antigens of interest have' 
been obtained, tiiey can be combined with each other or with other sequences to form 
a hybrid sequence, or handled sq)arately. In hybrid sequences, the various antigen 
sequences can be positioned in any iMnnar relative to each otha, and be included in 
10 a single molecule in any number ways, for example, as a single copy, randomly 
repeated in the molecule as multiple copies, or included in the molecule as multiple 
tandem repeats or othCTwise ordered rq>eat motife. 

Although any number of routine molecular biology techniques can be used to 
construct such recombinant nucleic acid molecules, one convenient me&od entails 
15 using one or more unique restriction sites in a shutfle or cloning vector (or inserting 
one or more unique restriction sites into a suitable vector sequence) and standard 
cloning techniques to direct tiie influenza virus M2 antigen sequaice or sequences to 
particular target locations within a vector. 

Alternatively, hybrid molecules can be produced synthetically rather than 
20 cloned. The nucleotide sequence can be designed witii the appropriate codons for the 
particular amino acid sequence desired. In general, one will select preferred codons 
for the intended host in which the sequence will be expressed. The complete 
sequence can then be assembled from overlapping oligonucleotides prepared by 
standard methods and assembled into a complete coding sequence. See, e.g., Edge 
25 (1981) Nature 292:756; Nambair et al. (1984) Science (1984) 223: 1299; Jay et al. 
(1984) y. Biol. Chem. 259:6311. 

Once the relevant M2 antigm sequences (and, optionally additional 
sequences that encode other influenza antigens) have been obtained or constructed, 
they can be inserted into a vector which includes control sequences operably linked 
30 to the inserted sequence or sequences, tlais iftoviding ejqiression cassettes that allow 
for expression of antigen in vivo in a targeted subgect species. 
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Typical promoters for niaimnalian cell expression include the SV40 early 
promoter, a CMV promoter such as flie CMV immediate early promoter, the mouse 
mammary tumor virus LTR promoter, the adenovirus major late promoter (Ad MLP), 
and other suitably efficient promoter systems. Nonviral promoters, such as a 

5 promoter derived from the murine metallothionein gene, may also be used for 
mammalian expression. Inducible, repressible or otherwise controllable promoters 
may also be used. Typically, transcription termination and polyadenylation 
sequences will also be present, located 3' to each translation stop codon. Preferably, 
a sequence for optimization of initiation of translation, located 5' to each coding 

10 sequence, is also present. Exati5)les of transcription terminator/polyadenylation 
signals include those derived from SV40, as described in Sambrook et al., supra^ as 
well as a bovine growth hormone terminator sequence. Introns, containing splice 
donor and acceptor sites, may also be designed into the expression cassette. 
In addition, enhancer elements may be included within the expression 

15 cassettes in order to increase expression levels. Examples of suitable enhancers 
include the SV40 early gene enhancer (Dijkema et al. (1985) EMBO J. 4:761), the 
enhancer/promoter derived from the long terminal repeat (LTR) of the Rous Sarconoia 
Virus (Gorman et al. (1982) Proc. Natl Acad, Set USA 72:6777), and elements 
derived from human or murine CMV (Boshart et al. (1985) Cell 41:521), for 

20 example, elements included in the CMV intron A sequence. 

Adjuvants 

Although uot required, the polynucleotide vaccine compositions of the 
presmt invention may effectively be used with any suitable adjuvant or combination 

25 of adjuvants. For example, suitable adjuvants include, without limitation, adjuvants 
formed from aluminum salts (alum), such as aluminum hydroxide, aluminum 
phosphate, aluminum sulfate, etc; oil-in-water and water-in-oil emulsion 
formulations, such as Complete Freunds A.djuvauts (CFA) and Incomplete Freunds 
Adjuvant (EPA); adjuvants formed from bacterial cell wall conq)onents such as 

30 adjuvants including lipopolysaccharides (e.g., Upid A or monophosphoiyl lipid A 
(MPL), Lnoto et al. (1985) Tet. Lett. 26: 1545-1548), trehalose dimycolate (TDM), 
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and cell wall skeleton (CWS); heat shock protein or derivatives thereof, adjuvants 
derived from ADP-ribosylating bacterial toxins, including diphtheria toxin (DT), 
pertussis toxin (PT), cholera toxin (CT), the E. coli heat-labile toxins (LTl and LT2), 
Pseudomonas endotoxin A, Pseudomonas exotoxin S, 5. cereus exoenzyme, 5. 

5 sphaericus toxin, C botulinum C2 and C3 toxins, C limosum exoenzyme, as well as 
toxins from C. perfringens^ C spiriforma and C. difficile, Staphylococcus aureus 
BDIN, and ADP-ribosylating bacterial toxin mutants such as CRM197, anon-toxic 
diphtheria toxdn mutant (see, e.g., Bixler et al. (1989) Adv. Exp. Med, Biol 251:175; 
and Constantino et al. (1992) Vaccihe)\ saponin adjuvants such as Quil A (U.S. Pat 

10 No. 5,057,540), or particles generated from saponins such as ISCOMs 

(immunostimulating complexes); chemokines and cytokines, such as interleukins 
(e.g., IL-1, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, DL-12, etc.), interferons (e.g., gama 
interferon), macrophage colony stimulating fiEictor (M-CSF), tumor necrosis factor 
(TNF), defensins 1 or 2, RANTBS, MlPl-a and MIP-2, etc; muramyl peptides such 

15 as N-acetyl-muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-noraiuramyl- 
^-alanyl— isoglutamine (nor-MDP), N-acetylmuramyl-^-alanyl-^-isoglutaminyl-^- 
alanine-2- {V -2' -<iipalmitoyl-^n-glycero-3 huydroxyphosphoryloxy)-ethylamine 
(MTP-PE) etc.; adjuvants derived from the CpG family of molecules, CpG 
dinucleotides and synthetic oligonucleotides which comprise CpG motifs (see, e.g., 

20 Krieg et al. Nature (1995) 374:546, Medzhitov et al. (1997) Curr. Opin. Immunol 
9:4-9, and Davis et al, J. Immunol (1998) 160:870-876) such as 
TCCATGACGTTCCTGATGCT (SBQ ID N0:4) and 

ATCGACTCTCGAGCGTTCTC (SBQ ID N0:5); and synthetic adjuvants such as 

PCPP (Poly[di(carboxylatophenoxy)phosphazene) (Payne et al. Vaccines (1998) 
25 16:92-98V Such adjuvants are commercially available from a number of distributors 

such as Accurate Chemicals; Ribi Immimechenricals, Hamilton, MT; GEBCO; 

Sigma, St. Louis, MO. Preferred adjuvants are those derived from ADP-ribosylating 

bacterial toxins, with cholera toxin arid heat labile toxins being most preferred. 

Oligonucleotides containing a CpG motif are also preferred. Other preferred 
30 adjuvants are those provided in nucleic add form, for example nucleic acid 

sequences that encode chemokines and cytokines, such as interleukins (e.g., IL-1, IL- 
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2, IL-4, IL-5, IL-6, IL-7, IL-8,.IL-12, etc.), interferons (e.g., gama interferon), 
macrophage colony stimulating fector (M-CSF), tumor necrosis fector (TNF), 
defensins 1 or 2, RANTES, MlPl-a and MIP-2 molecules. 

The adjuvant may delivered individually or delivered in a combination of two 
5 or more adjuvants. In this regard, combined adjuvants may have an additive or a 
synergistic effect in promoting a desired immune response. A synergistic effect is 
one where the result achieved by combining two or more adjuvants is greater than 
one would expect than by merely adding the restilt achieved with each adjuvant when 
administered individually. A preferred adjuvant combination is an adjuvant derived 

1 0 from an ADP-ribosylating bacterial toxin and a synthetic oligonucleotide comprising 
a CpG motif. A particularly preferred combination comprises cholera toxin and the 
oUgonucleotide ATCGACTCrCGAGCGTTCTC (SEQ roN0:5). 

Unfortunately, a majority of the above-referenced adjuvants are known to be 
highly toxic, and are thus generally considered too toxic for human use. It is for this 

15 reason that the only adjuvant currently approved for human usage is alum, an 
aluminum salt composition. Nevertheless, a number of the above adjuvants are 
commonly used in animals and thus suitable for numerous intended subjects, and 
several are undergoing preclinical and clinical studies for human use. However, as 
discussed herein above, the adjuvants are preferably rendered into particulate form 

20 for transdennal delivery using a powder injection metiiod. Surprisingly, it has been 
found that adjuvants which are generally considered too toxic for human use may be 
rendered into particulate form and administered with a powder injection technique 
without concomitant toxicity problems. Without being bound by a particular theory, 
it appears that delivery of adjuvants to the skin, using transdermal delivery methods 

25 (powder injection), allows interaction with Langerhans cells in the epidermal layer 
and dendritic cells in the cutaneous layer of the skin. These cells are important in 
initiation and maintenance of an iimnune response. Thus, an enhanced adjuvant 
effect can be obtained by targeting delivery to or near such cells. Moreover, 
transdermal delivery of adjuvants in the practice of the invention may avoid toxicity 

30 problems because (1) the top layers of the skin are poorly vascularized, thus the 
amount of adjtivant entering the systemic circulation is reduced which reduces the 
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' toxic effect (2) skin cells are constantly being sloughed, tiieretore residual adjuvant 
is eliminated rather than absoibed; and (3) substantially less adjuvant can be 
adtninistered to produce a suitable adjuvant effect (as compared with adjuvant tiiat is 
delivered using conventional techniques such as intramuscular injection). 

5 Once selected, one or more adjuvant can be provided in a suitable 

pharmaceutical form for parenteral dehvery, the preparation of which forms are well 
within the general skill of the art. See, e.g., Remington's Pharmaceutical Sciences 
(1990) Made Publishing Company, Easton, Penn., 18th edition. Alternatively, the 
adjuvant can be rendered into particiilate form as described in detail below. The 

10 adjuvant(s) will be present in the phaniiaceutical form in an amount sufficient to 
bring about the desired effect, that is, either to enhance the response against the 
coadministered antigen of interest, and/or to direct an immune response against the 
antigen of interest. Generally about 0.1 fig to 1000 fig of adjuvant, more preferably 
about 1 ^lg to 500 jig of adjuvant, and more preferably about 5 |ig to 300 \ig of 

1 5 adjuvant will be effective to enhance an immune response of a given antigen. Thus, 
for example, for CpG, doses in the range of about 0.5 to 50 \ig, preferably about 1 to 
25 Jig, and more preferably about 5 to 20 jig, will find use with the present methods. 
For cholera toxin, a dose in the range of about 0. 1 jig to 50 fig, preferably about 1 ng 
to 25 ng, and more preferably about 5 fig to 15 jig will find use herein. Similarly, for 

20 alum or PCPP, a dose in the range of about 2.5 fig to 500 ^ig, preferably about 25 to 
250 Jig, and more preferably about 50 to 1 50 fig, will find use herein. For MPL, a 
dose in the range of about 1 to 250 jig, preferably about 20 to 150 ^g, and more 
preferably about 40 to 75 fig, will find use with the present methods. 

Doses for other adjuvants can readily be determined by one of skill in the art 

25 using routine methods . The amo\int to administer will depend on a number of factors 
including the nature of the M2 antigen. 

Administration of Polynudeatides 

Once coinplete, the polynucleotide constructs are used for nucleic acid 
30 immunization using standard gene delivery protocols. Methods for gene delivery are 
known in the art See, fiirther below. The nucldc acid molecules of the present 
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invention can thus be delivered either directly to a subject or, alternatively, delivered 
ex VIVO to cells derived from the subject whereafter the cells are reimplanted in the 
subject. 

5 Conventional Pharmaceutical Preparations 

Formulation of a preparation comprising the above-described recombinant 
polynucleotide vaccine compositions, with or without addition of an adjuvant 
composition, can be earned out using standard pharmaceutical formulation 
chemistries and methodologies all of which are readily available to the ordinarily 

10 skilled artisan. For example, compositions containing one or more nucleic acid 
sequences (e.g., present in a suitable vector form such as a DNA plasmid) can be 
combined with one or more phannaceutically acceptable exdpients or vehicles to 
provide a liquid preparation. 

Auxiliary substances, such as wetting or emulsifying agents, pH buffering 

1 5 substances and the like, may be present in the excipient or vehicle. These excipients, 
vehicles and auxiliary substances are generally pharmaceutical agents that do not 
induce an immune response in the individual receiving the composition, and which 
may be administered without undue toxicity. Pharmaceutically acceptable excipients 
include, but are not limited to, liquids such as water, saline, polyethylenegly col, 

20 hyaluronic acid, glycerol and ethanol. Pharmaceutically acceptable salts can also be 
included therein, for example, mineral acid salts such as hydrochlorides, 
hydrobromides, phosphates, sulfates, and the like; and the salts of organic acids such 
as acetates, propionates, malonates, benzoates, and the like. It is also preferred, 
although not required, that the preparation will contain a pharmaceutically acceptable 

25 excipient that serves as a stabilizer, particularly for peptide, protein or other like 
molecules if they are to be included in the vacciae composition. Examples of 
suitable carriers that also act as sitabilizers for peptides include, without limitation, 
pharmaceutical grades of dextrose, sucrose, lactose, trehalose, mannitol, sorbitol, 
inositol, dextran, and the like. Other suitable carriers include, again without 

30 limitation, starch, cellulose, sodium or calcium phosphates, citric acid, tartaric acid, 
glycine, high inolecular weight polyethylene glycols (PBGs), and combination 
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thereof. A thorough discussion of pharmaceutically acceptable excipients, vehicles 
and auxiliary substances is available in REMINGTON*S PHARMACEUTICAL 
SCIENCES (Mack Pub. Co., NJ. 1991), iacorparated herein by refia-ence. 

Certain facilitators of nucleic acid uptake and/or expression ("transfection 
5 facilitating agents") can also be included in the compositions, for example, 

facilitators such as bupivacaine, cardiotoxin and sucrose, and transfection facilitating 
vehicles such as liposomal or lipid preparations that are routinely used to deliver 
nucleic acid molecules. Anionic and neutral liposomes are widely available and well 
known for delivering nucleic acid molecules (see, e.g., Liposomes: A Practical 
10 Approach, (1 990) RPC New Ed, IRL Press). Cationic lipid preparations are also 
well known vehicles for use in delivery of nucleic acid molecules. Suitable lipid 
preparations include DOTMA (N-[l-(2,3-dioleyloxy)propyl]-N,N,N- 
Iximethylammonium chloride), available under the tradename Lipofectin"^ , and 
DOTAP (l,2-bis(oleyloxy)-3<trimethylaiiimonio)propane), see, e.g.. Feigner et al. 
15 (1987) Proc. Natl Acad Set USA 84:7413-7416; Malone et al. (1989) Proc. Natl 
Acad, Set USA 86:6077-6081; US Patent Nos 5,283,185 and 5,527,928, and 
International Publication Nos WO 90/11092, WO 91/15501 and WO 95/26356, 
These cadonic lipids may preferably be used in association with a neutral lipid, for 
example DOPE (dioleyl phosphatidylethanolamine). Still further transfection- 
20 facilitating coii5)Ositions that can be added to the above lipid or liposome 

preparations include spermine derivatives (see, e.g., Memational Publication No. 
WO 93/18759) and membrane-permeabilizing compounds sudi as GALA, 
Gramicidine S and cationic bile salts (see, e.g., Memational Publicaiton No. WO 
93/19768). 

25 Alternatively, the nucleic acid molecules of the present invention may be . 

encapsulated, adsorbed to, or associated with, particulate carriers. Suitable 
particulate earners include those derived from polymethyl mefhaciylate polymers, as 
well as PLG inicroparticles derived from.poly(lactides) and poly(lactide-co- 
glycoUdes). See, e.g., Jeffery et al. (1993) Pharm. Res. 10:362-368. Other 

30 particulate systems and polymers can also be used, for exan^le, polymers such as 
polylysine, pqlyarginine, polyomithine, spermine, spermidine, as wdl as conjugates 
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of these molecules. 

The foimulated vaccine compositions will include a polynucleotide 
containing a sequence that encodes the selected M2 antigen or antigens of interest in 
an amoimt sufiBcient to mount an immunological response. An appropriate effective 

5 amount can be readily determined by one of skill in the art Such an amount will fall 
in a relatively broad range that can be determined through routine trials. For 
example, immune responses have been obtained using as litde as 1 jig of DNA, while 
in other administrations, up to 2mg of DNA has been used It is generally expected 
that an effective dose of the polynucleotide Will fall within a range of about lO^g to 

1 0 1 OOOfig, howevCT, doses above and below this range may also be foxmd effective. 
The compositions may tims contain from about 0.1% to about 99.9% of the 
polynucleotide molecules and can be administered directly to the subject or, 
alternatively, delivered ex vivo, to cells derived from the subject, using methods 
known to those skilled in the art 

15 

Administration of Conventional Preparations 

Once suitably formulated, these vaccine compositions can be administered to 
a subject in vivo using a variety of known routes and techniques. For example, the 
liquid preparations can be provided as an injectable solution, suspension or emulsion 

20 and administered via parenteral, subcutaneous, intradermal, intramuscular, 

intravmous injection using a conventional needle and syringe, or using a liquid jet 
injection system. Liquid preparations can also be administered topically to skin or 
mucosal tissue, or provided as a finely divided spray suitable for respiratory or 
puhnonary administration. Other modes of administration include oral 

25 administration, suppositories, and active or passive transdermal delivery techniques. 
Altematiyely, the vaccine compositions can be administered ex vivo, for 
example delivery and reimplantation of transformed cells into a subject are known 
(e.g., dextran-mediatedtransfection, calcium phosphate precipitation, 
electroporation, and direct microinjection of into nuclei). 

30 . 
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Coated Par tirle Phflrma cemical Preparations 

In one preferred embodiment^ the polynucleotide vaccine compositions {e.g., 
a DNA vaccine), whether or not combined with conventional influenza vaccine 
compositions and/or adjuvants are delivered using carrier particles. Particle- 

5 mediated methods for delivering such nucleic add preparations are known in tte art. 
Thus, once prepared and suitably purified, the above-described nucleic acid 
molecules and/or adjuvants can be coated onto carrier particles {e,g,, core carriers) 
using a variety of techniques known in the art. Carrier particles are selected from 
materials which have a suitable density in tbe range of particle sizes typically used 

10 for intracellular delivery from a particle-mediated delivery device. The optimum 
carrier particle size will, , of course, depend on the diameter of the target cells. 
Alternatively, colloidal gold particles can be used wherein the coated colloidal gold 
is administered (e.g., injected) into tissue (e.g., skin or muscle) and subsequently 
taken-up by immune-competent cells. 

15 For the purposes of tiie invention, tungsten, gold, platinum and iridium carrier 

particles can be used. Tungsten and gold particles are preferred. Tungsten particles 
are readily available in average sizes of 0.5 to 2.0 fjxn in diameter. Although such 
particles have optimal density for use in particle acceleration deliveiy methods, and 
allow highly efficient coating with DNA, tungsten may potentially be toxic to certain 

20 cell types. Gold particles or microcrystalline gold (e.g., gold powder A1570, 

available from Engelhard Corp., East Newark, NJ) will also find use with the present 
methods. Gold particles provide uniformity in size (available from Alpha Chemicals 
in particle sizes of 1-3 fjm, or available from Degussa, South Plainfield, NJ in a 
range of particle sizes including 0.95 //m) and reduced toxicity. Microcrystalline 

25 gold provides a diverse particle size distribution, typically in the range of 0.1-5 /znx 
However, the irregular surface area of microaystalline gold provides for highly 
efficient coating with nucleic acids. 

A number of methods are known and have been described for coating or 
precipitating DNA or KNA onto gold or tungsten particles. Most such methods 

30 generally combine a predetermined amount of gold or tungsten with plasmid DNA, 
CaCla spdcmidine. The resulting solution is vortexed continually during the 
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coating procedure to ensure uniformity of the reaction mixture. After precipitation of 
the nucleic acid, the coated particles can be transferred to suitable membranes and 
allowed to dry prior to use, coated onto surfaces of a sample module or cassette, or 
loaded into a delivery cassette for use in particular particle-mediated delivery 
5 instruments. 

Peptides {e.g., an influenza purified subunit vaccine), can also be coated onto 
suitable carrier particles, e.g., gold or tungsten. For example, peptides can be 
attached to the carrier particle by simply mixiag the two conqjonents in an 
empirically determined ratio, by ammonium sulfate precipitation or solvent 

10 precipitation methods familiar to those skilled in the art, or by chemical coupling of 
the peptide to the carrier particle. The coupling of L- cy stelne residues to gold has 
been previously described (Brown et al., Chemical Society Reviews g;271-311 
(1980)). Other methods include, for example, dissolving the peptide antigen in 
absolute ethanol, water, or an alcohol/water mixture, adding the solution to a quantity 

1 5 of carrier particles, and then drying the mixture under a stream of air or nitrogen gas 
while vortexing. Alternatively, the peptide antigens can be dried onto carrier 
particles by centrifugation under vacuum. Once dried, the coated particles can be 
resuspended in a suitable solvent (e.g., ethyl acetate or acetone), and triturated (e.g., 
by sonication) to provide a substantially uniform suspension, 

20 

Admini Rtration of Coated Particles 

Following their formation, carrier particles coated with the nucleic acid 
preparations and, alternatively, adjuvants and/or peptide, protein, or whole or split 
virus preparations, can be delivered to a subject using particle-mediated delivery 
25 techniques. 

Various particle acceleration devices suitable for particle-mediated delivery 
are known in the art, and are all suited for use in the practice of the invention. 
Current device designs employ an explosive, electric or gaseous discharge to propel 
coated carrier particles toward target ceUs. The coated carrier particles can 
30 themselves be releasably attached to a mov^le carrier ^eet, or removably attached 
to a surface along which a gas stream passes, lifting the particles fi*om the surface and 
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accelerating them toward the target. An example of a gaseous discharge device is 
described in U.S. Patent No. 5,204^53. An explosive-type device is described in 
U.S. Patent No. 4,945,050. One example of an electric discharge-type particle 
acceleration apparatus is described in U.S. Patent No. 5,120,657. Another electric 
5 discharge apparatus suitable for use herein is described in U.S . Patent No. 5, 149,655. 
The disclosure of all of these patents is incorporated herein by reference in their 
entireties. 

If desired, these particle acceleration devices can be provided in a preloaded 
condition containing a suitable dosage of the coated carrier particles comprising the 

1 0 polynucleotide vaccine composition, with or without additional influenza vaccine 
compositions and/or a selected adjuvant component The loaded syringe can be 
packaged in a hermetically sealed container. 

The coated particles are administered to the subject to be treated in a manner 
compatible with the dosage formulation, and in aa amount that will be effective to 

1 5 bring about a desired immune response. The amount of the composition to be 
delivered which, in the case of nucleic acid molecules is generally in the range of 
from 0.001 to 1000 \ig, more preferably 0.01 to 10.0 fxg of nucleic acid molecule per 
dose, and in the case of peptide or protein molecules is 1 jUg to 5 mg, more preferably 
1 to 50 /zg of peptide, depends on the subject to be treated. The exact amount 

20 necessary vary depending on the age and general condition of the individual 
being immunized and the particular nucleotide sequence or peptide selected, as well 
as other factors. An appropriate effective amount can be readily determined by one 
of skill in Ihe art upon reading the instant specification. 

25 Particulate Pharmaceu tical Preparations • 

Alternatively, the polynucleotides of the present invention (as well as one or 
more selected adjuvant and/or conventional influen:^ vaccine compositions) can also 
be formulated as a particulate composition. More particularly, formulation of 
particles coinpnsing the antigen and/or adjuvant of interest can be carried out using 

30 the above-<fcscribed standard phannaceutical formulation chemistries. For example, 
the polynucleotides and/or adjuvants can be combined with one or more 
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phannaceutically acceptable excipient or vehicle to provide a suitable vaccine 
coxnpositLon. 

The formulated compositions are then prepared as particles using standard 
techniques, such as by simple evaporation (air drying), vacuum drying, spray drying, 
5 freeze drying (lyophilization), spray-freeze drying, spray coating, precipitation, 
supercritical fluid particle formation, and the like. If desired, the resultant particles 
can be densified using the techniques described in commonly owned International 
Publication No, WO 97/48485, incorporated herein by reference. 

These methods can be used to obtain nucleic acid particles having a size 
10 ranging from about 0.01 to about 250 jim, preferably about 10 to about 150 ixm, and 
most preferably about 20 to about 60 jim; and ^ particle density ranging from about 
0.1 to about 25 g/cm^ andabulkdensity of about 0.5 to aboutS.O g/cm^ or greater. 

Similarly, particles of selected adjuvants having a size ranging from about 0. 1 
to about 250 jim, preferably about 0. 1 to about 1 50 ^m, and most preferably about 20 
1 5 to about 60 fxm; a particle density ranging from about 0. 1 to about 25 g/cm^ and a 
bulk density of preferably about 0.5 to about 3.0 g/cm^ and most preferably about 
0.8 to about 1 .5 g/crn? can be obtained. 

Single unit dosages or multidose containers, in which the particles may be 
packaged prior to use, can comprise a hermetically sealed container enclosing a 
20 suitable amount of the particles coniprising the antigen of interest and/or the selected 
adjuvant (e.g., the vacdne composition). The particulate conq>ositions can be 
packaged as a sterile formulation, and the hermetically sealed container can thus be 
designed to preserve sterility of the formulation until use in the methods of the 
invention. If desired, ihe containers can be adapted for direct use in a needleless 
25 syringe system. Such containers can take the form of capsules, foil pouches, sachets, 
cassettes, and the like. Appropriate needleless syringes are described herein above. 

The container in which the particles are packaged can further be labeled to 
identify the coinposition and provide relevant dosage information. In addition, the 
container can be labeled with a notice in the form prescribed by a governmental 
30 agency, for example the Food and Drag AdministratioDi, whisrein the notice indicates 
approval by the agency under Federal law of the manufecture, use or sale of the 
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antigen, adjuvant (or vaccine composition) contained therein for hnman 
administration. 



AHministr ation of Particulate Compositions 

5 Following their formation, the particulate composition (e.g., powder) can be 

delivered transdermally to the subject's tissue using a suitable transdermal delivery 
technique. Various particle acceleration devices suitable for transdermal dehvery of 
the substance of int^est are known in the art, and will find use in the practice of the 
invention. A particularly preferred transdermal delivery system employs a needleless 

10 syringe to fire solid drug-containing particles in controlled doses into and through 
intact skin and tissue. See, e.g., U.S. Patent No. 5,630,796 to Bellhouse et al. which 
describes a needleless syringe (also known as "flie PowderJect(§> needleless syringe 
device"). Other needleless syringe configurations are known m the art and are 
described herein, 

15 The particulate compositions (comprising the antigen of interest and/or a 

selected adjuvant) can be administered using a transdermal delivery technique. 
Preferably, the particulate compositions will be delivered via a powder injection 
method, e.g., delivered from a needleless syringe system such as those described in 
commonly owned Intemational Publication Nos. WO 94/24263, WO 96/04947, WO 

20 96/12513, and WO 96/20022, all of which are incorporated herein by reference. 

Delivery of particles firom such needleless syringe systems is typically practised with 
particles havmg an approximate size generally ranging fi'om 0. 1 to 250 pm, 
preferably ranging fcom about 10-70 jun. Particles larger than about 250 ^un can 
also be delivered from the devices, with the upper limitation being the point at which 

25 the size of the particles would cause untoward damage to the skin cells. The actual 
distance which the delivered particles will penetrate a target surface depends upon 
particle size (e.g., the nominal particle diameter assuming a roughly spherical particle 
geometry), particle density, the initial velocity at .which the particle impacts the 
surface, aad the density and kinematic viscosity of the targeted skm tissue. In this 

30 regard, optimal particle densities for use in needleless injection generally range 
between about 0. 1 and 25 g/cm^ preferably between about 0.9 and 1 .5 g/cm^ and 
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injection velocities generally range between about 100 and 3,000 m/sec, or greater. 
With appropriate gas pressure, particles having an average diameter of 10-70 jim can 
be accelerated Hirou^ the nozzle at velocities approaching the supersonic speeds of a 
driving gas flow. 

5 If desired, these needleless syringe systmis can be provided in a preloaded 

condition containing a suitable dosage of the particles comprising the antigen of 
interest and/or the selected adjuvant The loaded syringe can be packaged in a 
hermetically sealed container, which may further be labeled as described above. 

Compositioiis containing a therapeutically effective amount of the powdered 

10 molecules described herein can be delivered to any suitable target tissue via the 
above-described needleless syringes. For example, the compositions can be 
delivered to muscle, skin, brain, lung, liver, spleen, bone marrow, thymus, heart, 
lymph, blood, bone cartilage, pancreas, kidney, gall bladder, stomach, intestine, 
testis, ovary, uterus, rectum, nervous system, eye, gland and connective tissues. For 

15 nucleic acid molecules, delivery is preferably to, and the molecules expressed in, 
terminally differentiated cells; however, the molecules can also be delivered to non- 
differentiated, or partially differentiated cells such as stem cells of blood and skin 
fibroblasts. 

The powdered compositions are administered to the subject to be treated in a 
20 manner compatible with the dosage formulation, and in an amount that will be 

prophylactically and/or ther25)eutically effective. The amount of the composition to 
be delivered, generally in the range of from 0.5 jig/kg to 100 ng/kg of nucleic acid 
molecule per dose, depends on the subject to be treated Doses for other 
pharmaceuticals, such as physiological active peptides and proteins, generally range 
25 from about 0. 1 ^ig to about 20 mg, preferably 10 jig to about 3 mg. The exact 
amount necessary will vary depending on the age and general condition of the 
individual to be treated, the severity of the condition being treated, the particular 
preparation delivered, the site of administration^ as well as other factors. An 
appropriate effective airioimt can be readily determined by one of skill in the art, 
30 Thus, a "therapeutically effective aniiount" of the present particulate 

compositions will be sufficient to bring about treatment or prevention of disease or 
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condition symptoms, Bnd will fall in a relatively broad range that caa be determined 
through routine trials. 



EUdting Immime Responses 

5 In another embodiment of the invention, a method for eliciting an immune 

response against an influenza vims in a subject is provided. In essence, the method 
entails providing a polynucleotide vacdne composition, where the compositions 
contains a nucleic acid molecule encoding an influraza virus M2 antigen. The 
nucleic arid molecule is not present in a recombinant viral vector. The nucleic acid 

10 sequence encoding the M2 antigen is linked to regulatory sequences to provide an 
e3q)ression cassette.. This e^qjression cassette is then provided in a suitable vector, for 
example a plasmid vector constract. In particular embodiments, the M2 antigen is an 
influenza virus M2 polypeptide that preferably contains an extracellular domain 
portion substantially homologous to the 24mer amino acid sequence of SBQ ID 

15 N0:1, SEQIDN0:2, SEQIDN0:3, or hybrids and combinations thereof 

In one aspect, the method entails administering the vaccine composition to 
the subject using standard gene delivery techniques that are known in the art. See, 
e.g., U.S. Patent Nos. 5,399,346, 5,580,859, 5,589,466. TypicaUy, the 
polynucleotide vaccine composition is combined with a pharmaceutically acceptable 

20 excipient or vehicle to provide a liquid preparation (as described herem above) and 
then used as an injectable solution, suspension or emulsion for administration via 
parenteral, subcutaneous, intradermal, intramuscular, intravenous injection using a 
conventional needle and syringe, or using a liquid jet injection system. It is preferred 
that the composition be administered to skin or mucosal tissue of the subject. Liquid 

25 preparations can also be administered topically to skin or mucosal tissue, or provided 
as a finely divided spray suitable for respiratory or pulmonary administration. Other 
modes of administration include oral administration, suppositories, and active or 
passive transdermal delivery techniques. The polynucleotide vaccine compositions 
can alternatively be delivered ex, vivo to pells derived from the subject, whereafter 

30 the cells are reiii5)lanted in the subject. Upon introduction into the subject, the 
nucleic add sequence is expressed to provide M2 antigen in situ in an amount 
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sufScieat to elicit an anti-ixtfluepza immime response in the vaccinated subject. This 
immune response can be a humoral (antibody) response, a cellular (CTL) response, 
or be characterized as raising both a humoral and a cellular immune response against 
the influenza antigen. 
5 It is preferred, however, that the polynucleotide vaccme composition be 

delivered in particulate form. For example, the vaccine composition can be 
administered using a particle acceleration device which fires nucleic acid-coated 
microparticles into target tissue, or transdermally delivers particulate nucleic acid 
conrpositions. In this regard, particle-mediated nucleic acid unmnnization has been 

10 shown to elicit both humoral and cytotoxic T lymphocyte immune responses 
following epidermal delivery of nanogram quantities of DNA. Pertmer et al. 
(1995) Vaccine 13:1427-1430. Particle-mediated delivery techniques have been 
compared to other types of nucleic acid inoculation, and foimd markedly superior. 
Fynan et al. (1995) Int. J. Immmophamacology 17:79-83, Fynan et al. (1993) 

15 Proc, Natl Acad, ScL USA §0:11478-11482, and Raz et al. (1994) Proc. Natl 
Acad. ScL £/&4 91:9519-9523. Such studies have investigated particle-mediated 
delivery of nucleic acid-based vaccines to both superficial skin and muscle tissue. 

As described in detail herein above, particle-mediated methods for 
delivering nucleic acid preparations are known in die art. Thus, the polynucleotide 

20 vaccine composition can be coated onto core carrier particles using a variety of 
techniqqes known in the art. Carrier particles are selected from materials which 
have a suitable density in the range of particle sizes typically used for intracellular 
delivery from a particle acceleration device. The optimum carrier particle size 
will, of course, depend on the diameter of the target cells. 

25 These methods can alternatively be modified by coadministration of 

additional or ancillary components to the subject For example, a suitable adjuvant 
component can be added to the polynucleotide vaccine composition or administered 
along with the yaccine composition. In addition,, a seccmdary vaccine composition 
can be administered,.whd:ein the secondary composition can comprise a further 

30 nucleic acid vaccine, e.g., a polynucleotide encoding an additional influenza virus 
antigen derived or obtained firom an influenza virus nucleoprotein (NP), 
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neuraminidase (NA); hemagglutinin (HA), polymerase (PBl, PB2, PA), matrix (Ml), 
or a non-stnictural (M2, NSl, NS2) gene product, or the secondary vaccine 
con5)osition can comprise a conventional influenza vaccine such as a whole virus, 
split virus, or subunit influenza vaccine. The secondary vaccine composition can be 
5 combined with the polynucleotide vaccine composition to form a single composition, 
or the secondary vaccine composition can be administered separately to the same or- 
to a difPermt site, either concurrently, sequmtially, or separated by a significant 
passage of time such as in a boosting step some days after the initial vacdne 
composition has been administered. 

10 As above, the secondary vaccine composition and/or the adjuvant component 

can be administered by injection using either a conventional syringe, or using a 
particle-mediated delivery system as also described above. Injection will typically be 
either subcutaneously, epidermally, intradermally, intramucosally (e.g., nasally, 
rectally and/or vagiaally), intraperitoneally, intravenously, orally or intramuscularly. 

1 5 Other modes of administration include topical, oral and pulmonary administration, 
suppositories, and transdermal applications. Dosage treatment may be a single dose 
schedule or a multiple dose schedule. 

In another aspect, the method entails transfecting cells of the subject with a 
polynucleotide vaccine composition that includes one or more recombinant nucleic 

20 acid molecules having a sequence or sequences encoding one or more influenza virus 
M2 antigens (as described herein above). The transfection is carried out under 
conditions that p^mit expression of the M2 antigen in the subject, and the nucleic 
add molecules are not present in a recombinant viral vector Expression of the M2 
antigen in situ is sufficient to eUdt a protective immune response against an 

25 influenza virus. Transfection is effected using any of the above-described gene 

delivery techniques, with particle-mediated delivery bdng preferred la addition, any 
of the secondary compositions, vaccine, adjuvant, or combinations thereof, can be 
used as described above. 
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Experimental 

Below are examples of specific embodiments for carrying out the present 
invention. The exan^les are offered for illustrative purposes only, and are not 
5 intended to limit the scope of the present invention in any way. 

Efforts have been made to ensure accuracy with respect to numbers used 
(eg., amounts, temperatures, etc.), but some experimental error and deviation should, 
of course, be allowed for. 

10 Pxample }: Plasmi^ Constmction . .. 

Figure 2 shows the nucleotide sequence from KNA segment 7 (that encodes 
the M2 protem) of influenza virus stram A/Kagoshima/10/95 (H3N2). The 
A/Kagoshima sequmce was used as a model to design polymerase chain reaction 
(PGR) primers to facilitate cloning of the mature M2 coding sequence from 

1 5 A/Sydney/5/97 (H3N2) . The A/Kagoshima sequence was used for primer design 
since the sequence of KNA segment 7 of A/Sydney has not been determined. The 
high degree of conservation among M2 sequences was expected to facilitate the use 
of primers designed from a different viral strain. 

Since M2 is translated from a spliced RNA, nucleotide positions 27 to 714 in 

20 tiie coding region of segment 7 SNA were spliced out This is indicated by the gap 
between nucleotide positions 26 and 715 in the sequence shown in Figure 2. The 
region of the coding sequence from segment 7 RNA that encodes the transmembrane 
portion of the M2 protein is shown in italics. The underlined sequences at the 5' end 
(top strand) and 3* end (bottom strand) represent the sequences from segment 7 RNA 

25 that were included in polymerase chain reaction (PGR) primers used to generate the 
complete M2 coding sequence. It should be noted that the 5* PGR primer spans the 
RNA splice site shown in Figure 2 to ensure that tide intron was cleanly eliminated 
from M2 coding sequence clones derived by PGR. The 5' and 3' PGR primers used 
to generate the full-length M2 coding sequence clone were as follows: 

30 
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5' PGR Primer. 

S"— CCC AAG CTT CCA CCA TGA GCC TTC TAA CCG AGG TCG AAA CAC 
CTA TCA GAA ACG AAT GGG AGT GC— 3' (SBQ ID N0:6) 

5 3' PGR Primer 

5'— CCG GGA TCG TTA GTG GAG GTC TAT GCT G— 3' (SBQ ID N0:7). 

In addition to the M2 derived seqaeaces indicated by underlining in Figme 2, 
the 5' PGR primer contains additional sequences at its 5* end that include a 

10 recognition site for HindlH and a Kozak consensus sequence to facilitate mRNA 
translation initiation. Also, tte 3' PGR primer contains additional sequences at its 5' 
end that includes a recognition sequence for BaniHL 

Viral RNA was isolated from a sample of A/Sydney/5/97 (H3N2) that was 
grown in embryonated chicken eggs. The viral KNA isolation process used standard 

15 techniques known to those skilled in the art. RNA from this virus was used in a 
reverse transcriptase / polymerase chain reaction (RT-PCR) Using an RT-PCR kit 
obtained from Stratagene (La Jolla, CA). The RT reaction step was con[q)leted by 
adding 5.9fil of RNase-free water to a reaction tube. To this tube was added 1 ,0^1 
lOXMMLV-RTbufifeandl.O^ldim^mixfromtheW^ Also, Ifilof 

20 A/Sydney/5/?7 KNA and 0.6|il (0,6}ig) of 5' primer was added. The reaction was 
heated to 65^*0 for 5 minutes to denature the RNA, after which 0.5nl of reverse 
transcriptase from the kit was added. The reaction was incubated at 37 ** C for 1 5 
minutes to complete the reverse transcription step. 

The PGR reaction step was completed by addition of the following 

25 components to a new reaction tube: 40jil water, 5^d 1 OX ultra HF buffer from the kit; 
l.OjildNTP mix from the kit; l.Ofil 5' primer (l.O^g); l.Ojil 3' primer (l.Ong); l^ilof 
the reverse transcriptase reaction mix from above; and 1 jil Turbo PFU polymerase 
from the kit. The PGR reaction was canied out nsing the following incubation 
scheme: 1 minute ©95**^ followed by 30 cycles of (30 sec @ 95''G, 30 sec @ 

30 46X, 3 min @ eS^'G), followed by 10 minutes @ es^C. PGR products were 
electrophoresejd on a 2% agarose gel revealing a single DNA band of the eq)ected 
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size of approximately 300 bp. 

The approximately 300 bp band was isolated from the gel and digested with 
Hindm and BaniSI in order to generate the necessary sticky ends for insertion into 
the pWRG7077 DNA vaccine expression vector (Schmaljohn et al. (1997) 7. ViroL 
5 71*9563.9569). The pWRG7077 DNA was digested partially with Hindni and 
completely with BamHl to facilitate insertion of the M2 coding insert. The 
requirement for a partial Hindni digestion of the vector was due to the presence of a 
second Hindni site in the Kanamycin resistance marker of this plasmid. The 
resulting M2 DNA vaccine vector was termed pM2-FL: The restriction map and 

10 functional map of this vector are shown in Figure 3. The pM2-FL vector contains the 
immediate early promoter from human cytomegalovirus (hCMV) and its associated 
intron A sequence to drive transcription from the M2 coding sequence. This vector 
also includes a polyadenylation sequence from the bovine growth homione gene. 

The annotated nucleotide sequence of the pM2-FL vector is shown in Figure 

1 5 4. The nucleotide sequence of the complete M2 coding sequence derived by the RT- 
PCR reaction was experimentally determined by standard sequencing methodologies 
known to those sldUed in the art. The nucleotide sequence of the remaining part of 
the vector derived from plasmid pWRG7077 was deduced from the known sequence 
ofpWRG7077. 

20 It should be noted that the M2 coduig sequaice in plasmid pM2-FL differs 

from the known coding sequence of the M2 gene of AyKagoshim/10/95 at 4 locations 
as follows: 

A G:C base pair is found at nucleotide position #750 of the A/Kagoshima M2 
sequence shown in Figure 2. This position was determined to be an A:T pair in the 

25 A/Sydney-derived coding sequence inserted into pM2-FL. This nucleotide change 
results in a Glycine to Aspartic acid change at amino acid position 21 in the M2 
protein. This change is consistent with the anoino acid alignment shown in Figure 1 
in which position 2 1 is shown to be variable and that glycine and aspartic acid are the 
only observed amino adds at this position. 

30 A T A. base pair is found at nucleotide position #815 in flie A/Kagoshima M2 

sequence shown in Figure 2. This position was detemoined to be a C:G base pair in 
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the A/Sydney-derived coding sequeace inserted into pM2-FL. This nucleotide 
change results in a Phenylalanine to Leucine change at amino acid position #43 of 
the M2 protein. Of the 37 M2 sequences examined from the influenza virus 
sequence database, 7 viruses were shown to have a Phenylalanine residue at this 
location and 30 viruses were shown to have a Leucine residue at this location. 

A T: A base pair is found at nucleotide position #857 m the A/Kagoshima M2 
sequence shown in Figure 2. This position was determined to be a C:G base pair in 
the A/Sydney-derived coding sequence inserted into pM2-FL. This nucleotide 
change results in a Tyrosine to HBstidine change at amino acid position #57. Of the 
37 M2 sequences examined from the influenza virus sequence database, 12 viruses 
were shown to have a Tyrosine at this location, 24 viruses were shown to have a 
ECstidine at this location, and 1 virus was shown to have a glutamine at this location. 

A T:A base pair is found at nucleotide position #862 in the A/Kagoshima M2 
sequence shown in Figure 2. This position was determined to be a C:G base pair in 
the A/Sydney-derived coding sequence inserted into pM2-FL. This nucleotide 
change does not result in any amino acid changes and is therefore a silent 
polymorphism. 

In summary, the A/Sydney-derived M2 amino acid sequence differs from the 
A/Kagoshima M2 amino acid sequence at only three locations, but agrees with the 
majority of M2 sequences in Ihe influenza virus sequence database at these three 
positions. This high degree of similarity is consistent with the high degree of 
conservation of M2 sequences among all type A influenza viruses. 

Example 2: Induction of M2-Specific Antibodv Responses in Mice 

The following study was carried out in order to assess the ability to generate 
anti-M2 antibody responses using the nucleic acid immunization techniques of the 
present invention. 52^g of the pM2-PL vector was added to 400^1 of 50mM 
spermidine. 26 mg of micron-sized demental gold particles (lot # 32-0, Degussa 
Corporation) was added to the reaction vessel. Finally, 400jil of 10% calcium 
diloride was added while continuously agitating the nyxture in order to precipitate 
the DNA onto the gold particles. DNA-laden gold particles were collected by 
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cmtrifiigation and washed Hiree times with absolute ethanol then resuspended in 
3.Qml absolute ethanol. DNA-laden gold particles were loaded into 0.5 inch lengths 
of Tefeel tubing as previously described (see, e.g., U.S. Patent Nos. 5,733,600 and 
5,780,100, incorporated herein by reference). 
5 Six mice received three consecutive particle-mediated DNA immunizations at 

four week intervals in which each immunization consisted of two particle-mediated 
deliveries of pM2-FL DNA coated gold particles. Each delivery contained 0,5mg of 
gold and 1 .0^g of DNA for a total of Img of gold and Z.Ofig of DNA per 
i mmuniz ation. Gold/DNA deUveriiss were accomplished using a Powder Ject XR-1 

10 particle acceleration device (PowderJect Vaccines, Inc., Madison, WI) at a helium 
pressure of 400 p.s.i.. 

Blood samples were collected at the following time points: 4 weeks 
following the Gist immunization, 2 weeks following the second immunization (2 wk 
post boost), 4 weeks following the second immunization (4 wk post boost), and 2 

15 weeks following the third immunization (2 wk post second boost). Sera were 

analyzed for M2-specific antibody responses using an ELISA assay in which 96-weil 
plates were pre-coated with an M2 synthetic peptide consisting of the following 
sequence: HN2-SLLTEVETPIRNEWECR-COOH (SEQ ID N0:8). ELISA plates 
were coated with the M2 peptide overnight at 4*C using the peptide in phosphate 

20 buffered saline (PBS) at a concentration of 1 (ig/ml. On the next day, plates were 
blocked with 5% nonfat dry milk in PBS for 1 hour at room temperature. Plates were 
then washed three times with wash buffer (lOmM Tris Buffered Saline, 0. 1% Brij- 
35). Diluted serum san^Ies were then added to the wells and the plates were 
incubated for 2 hours at room ten5}erature. The plates were then washed three times 

25 wilh wash buffer. 1 00^1 of the secondary antibody was then added and plates were 
incubated for 1 hour at room temperature. The secondary antibody consisted of a 
goat anti-mouse IgG (H+L) biotin-labeled antibody (Southern Biotechnology) that 
was diluted 1 : 8000 in PBS/0. 1 % Tween-20, Plates were washed three times after 
which a strq)tavidin-horse radish peroxidase conjugate was added at a 1:8000 

30 dilution. Following three washes, 100|al of TMB substrate (Bio Rad) was added and 
color development was allowed to' proceed for 30 minutes at room temperature. 
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Color development was stopped by the addition of IN H^S04 and the plates were 
read of 450 nm. 

Bndpoiat dilution titers were determined by identifying the highest dilution of 
serum that still yielded an absorbance value that was two times the background 
5 absorbance value obtained using anon-inamune control sample. M2-specific 
antibody titers from individual animals, as well as the geometric mean titers are 
reported below in Table 1 . 1 00% seroconversion was observed following Ihe 
primary immunization and all animals developed an anamnestic or memory response 
following receipt of the second immunization. 

10 

TABLE 1 



20 



Mouse # 


4 wkpost 
prime 


2 wkpost 
boost 1 


4 wkpost 
boost 1 


2 wkpost 
boost 2 


1 


1200 


10800 


3600 


10800 


2 


1200 


32400 


10800 


32400 


3 


1200 


10800 . 


10800 


97200 


4 


32400 


97200 


32400 


291600 


5 


10800 


32400 


32400 


32400 


6 


400 


10800 


3600 


10800 












Geometric 
mean 


2496 


22465 


10800 


38910 



25 Example 3: Protective Tmrminity in Mice immunized with pM2-PL DNA 
The following study was carried out to demonstrate that nucleic acid 
immunization with an ioflueoza virus M2 DNA sequence can be used to provide 
protective immmiity in vaccinated subjects. More particularly, the stxdy sought to 
determine whetiier vaccination in accordance with tbe present invention provides 

30 protection fix)mdeatii in a lethal influenza virus challenge model. 
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The mice inmxmized in Example 2 were anesthetized two weeks following 
the final immuniz ation and were challenged intranasally with 1 x 10^ plaque fonning 
units of mouse-adapted A/Aichi/2/68 (H3N2) which is 10 times the lethal dose for 
mice. Table 2, below, shows the pacent survival of both the vaccinated (n=6) and 
5 non-immunized control (n=6) animals at various time points following challenge. 

TABLE 2 



Day Post Challenge 


pM2 DNA-Lnnuinized 


Control Group 


0 


100% (6/6) 


100% (6/6) 


2 


100% (6/6) 


100% (6/6) 


4 


100% (6/6) 


100% (6/6) 


5 


100% (6/6) 


100% (6/6) 


6 


100% (6/6) 


83% (5/6) 


7 


100% (6/6) 


0%(0/6) 


8 


100% (6/6) 


0% (0/6) 


9 


100% (6/6) 


0% (0/6) 


11 


100% (6/6) 


0%(0/6) 


13 


100% (6/6) 


0%(0/6) 


15 


100% (6/6) 


0% (0/6) 


17 


100% (6/6) 


0% (0/6) 



As can be seen in Table 2, while all control animals died by day 7, 100% 
survival was seen in the M2 DNA vaccine test group. Table 3, below, shows the 

25 percmt weight loss in the vaccinated and challenge groups. The average weights of 
vaccinated and control (naive) nuce are reported as percentage of starting weight at 
the time of challenge. All vaccinated mice became infected as evidenced by 
measurable weight loss following challenge, but these animals recovered and 
regained essentially all of the lost weight by the end of the experiment In contrast, 

30 non-immunized control animals exhibited accelerated wei^t loss prior to death on 
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days 6 and 7. 

These observations are consisteat with M2-spedJBc antibodies being able to 
limit the spread of an infection and protect against disease, while being incapable of 
blocking the initial infection. These observations are novel and unique in that the 
5 M2-specific antibodies that provided protection in this case were elicited by 
induction of de novo production of M2 protein in ^nvo as a result of a nucleic acid 
immunization with an influenza virus M2 antigen sequence. 

TABLE 3 

10 . . - . ■ - 



Day Post ChaUenge 


pM2 DNA-Lmmuiuzed 


Control Group 


0 


100.0% 


100.0% 


2 


91.5% 


93.7% 


4 


80.7% 


76.0% 


5 


79.4% 


71.5% . 


6 


78.2% 


67.1% 


7 


79.2% 


DEAD 


8 


81.1% 


DEAD 


9 


83.0% 


DEAD 


11 


87.3% 


DEAD 


13 


91.0% 


DEAD 


15 


95.0% 


DEAD 


17 


96.4% 


DEAD 



pvamplft 4; TTtrli iction of M2-Specific Antibody Response in Larpre ATiimal Model 

The following study was canied out in order to assess the ability to generate 
M2-specifie antibody responses in large animals using the nucleic add immunization 
techniques of the present invention. The pM2-FL vector was coated onto gold 
30 particles as described in Example 2 with the exception that the DNA-to-gold ratio 
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was increased from 2.0 ^ig DNA per mg of gold to 2.5 ng of DNA per mg gold 
DNA-laden gold particles were formulated into 0.5-inch lengths of Tefzel tubing as 
previously described (see, e.g., U.S. PatmtNos. 5,733,600 and 5,780,100, 
incorporated herein by reference). The final fonnulation consisted of 0.5 mg of gold 
5 and 1 .25 ^g of DNA per cartridge. 

Nine 6-weeik old domestic Yorkshire/Landrace cross pigs were immunized 
three consecutiye times at four week intervals in which each immunization consisted 
of six particle-mediated delivmes of pM2-FL DNA-coated gold particles. Each 
delivery contamed 0.5 mg of gold and 1.25 ^g of DMA for a total of 3 mg of gold 

10 and 7.5 fig of DNA per immunization. Vaccinations were administered bilaterally (3 
shots per side) in the groin area without prior skin treatment of any kiud. Gold/DNA 
deliveries were accomplished using a PowderJect XR-1 particle acceleration device 
(PowderJect Vaccines, Inc., Madison, WI) at a helium pressure of 500 p.s.i.. 

Blood san^les were collected two weeks following tiiie second and third 

1 5 intmiunizations. Sera were analyzed for M2-specific antibody responses using an 
BUSA assay in whidi 96-well plates were pre-coated with an M2 synthetic peptide " 
consisting of the following sequence: NH2-SLLTBVETPIKNEWBCR-COOH. 
BUSA plates were coated wilh the M2 peptide ovemigjit at 4'C using the peptide in 
phosphate buffered saline (PBS) at a concentration of 1 ^g/ml. On the next day, 

20 plates were blocked with 2% bovine serum albumia (BSA) ia PBS for 1 hour at room 
temperature and were then washed three times with wash buffer (10 mM Tris- 
buffered saline, 0.1% Brij-35). Serum samples, diluted in 1% BSA / PBS / 0. 1% 
Tween-20, were added to &e plates and incubated at room tenq)erature for 2 hours. 
Plates were then washed three times with wash buffer. The detection antibody 
. 25 consisted of a goat anti-swine / horse radish peroxidase conjugate diluted 1:3200 in 
PBS / 0.1% Tween-20. After addition of the diluted detection antibody, plates were 
incubated at room tenq)erature for 60 minutes. Plates were again washed three times 
with was buffer and 100 jil of TMP substrate was added. After 20 minutes, color 
development was stopped by the addition of IN H2SO4. Plates were read at 450 nm. 

30 Endpoint dilution titers were determined by identifying the highest dilution of 

serum that still yielded an absorbance value that was two times the background 
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absorbance value obtained using a non-immune control sample. M2-specific 
antibody titers from individual animals, as well as the geometric mean titers are 
reported below in Table 4. As can be seen from these results in Table 4, 100% 
seroconversion was observed following ±e final immunization. No detectable M2- 
S specific antibody responses were observed in non-intummized control animals. 



TABLE 4 



Pig# 


Titer (Post Boost 1) 


Titer (Post Boost 2) 


■» 


bOO 


600 ' 


2 


0 


1800 


3 


200 


200 


4 


200 


1800 


5 


0 


1800 


6 


0 


600 


7 


0 


1800 


8 


600 


5400 


9 


0 


600 








Geometric Mean 


13.4 


1104 



Example 5: Prot ective Ttm nunitv in Large Animals Immunized with pM2-FL DNA 

The following study was carried out to demonstrate that nucleic add 
immunization with an influenza virus M2 DNA sequence can be used to provide 
25 protection in large animals. More, particularly, the study sought to determine 
whether vaccination in accordance with the present invention provides for 
accelerated clearance of virus in a Isx^id animal foUowmg intranasal challenge. 

The pigs immunized in Bxample 4 were challenged approximately three 
weeks following the final immunization by intranasal instillation of 2 x 10^ egg 
30 infectious doses (EEDsq) of live A/Swine(Minnesota/593/99 (1x10*^ HD50 per 
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nostril). Nine negative control animals that were not vaccinated were similarly 
challenged. Nasal swab samples were collected on days 2, 4, 6, and 8 following 
challenge and the titer of virus in each sample was determined by titration in 
embryonated chicken eggs using standard procedures known to those skilled in the 

5 artofinfluenaavirus.growth. The gn5)h depicted in Figure 5 shows ttie geometric 
mean levels of virus in nasal swab samples in the vaccinated and negative control 
animals. As can be seen by refermce to Figure 5, the M2 DNA-vaccinated animals 
exhibited an accelerated clearance of virus in nasal swab san^les relative to controls. 
This difference was most pronoimced on day 6 in which there was a 53-fold 

10 reduction in the amount of live virus in vaccinated animals relative to non-vaccinated 
controls (r=b.021).^ ^ . 



Accordingly, novel recombinant nucleic acid molecules, compositions 
comprising those molecules, and nucleic acid immunization techniques have been 
15 desaibed Althoughprefeired embodiments of the subject invention have been 

described in some detail, it is understood that obvious variations can be made without 
departing from the spirit and the scope of the invention as defined by the appended 
claims. 
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CLAIMS 

1 . Use of a nucleic acid sequence that encodes an influenza virus M2 
antigen, wherein said nucleic acid sequence is not present in a recombinant viral 

5 vector, for the manufacture of a medicament for vaccination against an influenza 
virus. 

2. Use according to claim 1 wherein the nucleic add sequence is present 
in a plasmid vector. 

10 - . - V - • 

3. Use according to claim! or 2 wherein the nucleic add sequence " 
encodes an influenza virus M2 polypeptide. 

4. Use according to claim 3 wherein the influenza virus M2 polypeptide 
IS coniprises an amino acid sequence selected from S£Q ID NO: 1, SEQ ID K0:2, SEQ 

ID N0:3, and hybrids or combinations thereof 

5. Use according to any one of the preceding claims wherein the 
medicament further comprises a second nucleic acid sequence that encodes an 

20 influenza virus antigen derived or obtained from an influenza virus polypeptide 
selected from the nucleoproteiu (NP), neuraminidase (NA), hemagglutinin (HA), 
polymerase (PB 1, PB2, PA), matrix (Ml), and non-structural (M2, NS 1, NS2) gene 
products. 

25 j5. Use according to any one of tiie preceding claims wherein the 

medicament further comprises an adjuvant component 

7. Use according to claim 6 wherein said adjuvant contponent is a 
nucleic add sequence. 

30 
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8. Use according to claim 7 wherein said adjuvant component is a CpG 
sequence or a further nucleic acid sequence that encodes a polypeptide adjuvant 



9. Use according to claim 6 wherein said acguvant conoponent is a 
5 polypeptide or a lipid 

10. Use according to claim 6 wherein said adjuvant convenient is a non- 
protein hormone or an analog thereof, or a vitamin or an analog th^eof. 

10 11. Use according to claim 6 wherein said adjuvant component comprises 

monophosphoiyl lipid A or a saponin or i derivative thereof. ■ ■ ' 

12. Use according to claim 1 1 wherein the adjuvant component comprises 

Quil-A. 

15 

13. Use according to any one of the preceding clain:is wherein the 
medicament further comprises apharmaceutically acceptable excipient or vehicle. 

14. Use according to any one of the preceding claims wherein the 
20 medicament is in a particulate form suitable for administration by a particle 

acceleration device. 

1 5. Use according to claim 14 wherein the nucleic add sequence is coated 
onto a core carrier particle. 

25 

1 6. Use according to claim 1 5 wherein the core carrier particle has an 
average diameter of about 0.1 to about lO^m 

17. Use according to claim 1 5 or 1 6 wherein the core carrier particle 
30 comprises a metal. 
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18. Use according to claim 17 wharein the metal is gold 

19. A polynucleotide vacdne conq)osition conq)rising a nucleic acid 
sequence that encodes an influeiiza virus M2 antigen, wherein said nucleic acid 

5 sequence is not presqat in a recombinant viral vector. 

20. The composition of claim 19 wherein the nucleic acid sequence is 
present in a plasmid vector. 

10 2 i . • Ihe composition of claim 1 9 wherein the nucleic acid sequence 

encodes an influenza virus M2 polypeptide. 

22. The composition of claim 21 wherein the influenza virus M2 
polypeptide comprises an amino acid sequence selected from the group consisting of 

15 SEQ ID NO: 1 , SBQ ID N0:2, SEQ ID N0:3, and hybrids or combinations th^-eof. 

23. The composition of claim 19 further comprising a secondnucleic acid 
sequence that encodes an influenza virus antigen derived or obtained from an 
influenza virus polypeptide selected from the group consisting of the nucleoprotein 

20 (NP), neuraminidase (NA), hemagglutinin (HA), polymerase (PBl, PB2, PA), matrix 
(Ml), and non-structural (M2, NSl, NS2) gene products. 

24. The composition of claim 19 ftirfher comprising an adjuvant 
component. 

25 

25. The composition of claim 24 wherein said adjuvant conq)Qnent is 
present in the composition in the form of a nucleic acid sequence. 

26. The composition of claim 25 wherein said, adjuvant component is a 
30 CpGsequmce. 
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27. The composition of claim 25 wherein said adjuvant component is a 
fbrther nucleic acid sequence that encodes a polypeptide adjuvant 

28. The composition of claim 24 wherein said adjuvant component is 
5 present in the composition in a fomi oth^ than a nucleic acid sequence. 

29. The composition of claim 28 wherein said adjuvant con^onent is 
present in the composition in the form of a polypeptide. 

10 30. -. -The composition of claim 28 wherein said adjuvant component is 
present in the composition in the form of a lipid - 

3 1 . The composition of claim 28 wherein said adjuvant component is 
present in the composition in the form of a non-protein hormone or an analog thereof 

15 

32. The composition of claim 28 wherein the adjuvant conq)onent is 
present in the composition in the form of a vitamin or an analog thereof. 

33. The composition of claim 28 wherein the adjuvant component 
20 comprises monophosphoiyl lipid A. 

34. The composition of claim 28 wherein the adjuvant component 
comprises a saponin or a derivative thereof. 

25 35. The composition of claim 34 wherein the adjuvant component 

comprises Quil-A. 

36. The composition of claiim 19 further comprising a phannaceutically 
acceptable exdpient or vehicle. 
50 • 
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37. The con^)osi1ion of claim 1 9 wherein said composition is in 
particulate form. 

38. The con^osition of claim 37 wherein the nucleic add sequence is 
5 coated onto a core carrier particle. 

39. The conq)Osition of claim 38 wherein the core carrier particle has an 
average diameter of about 0.1 to about lOpn- 

1 0 40. .(lie composiiion of ci aim 3 8 wherein the core earner particle 

comprises a metal. 

4 1 . The con^osition of claim 40 wherein the metal is gold. 

IS 42. A particle acceleration device suitable for use in a nucleic acid 

immunization technique, wherein said device is loaded with a particulate vaccine 
composition as defined in claim 37. 

43 . The composition of claim 1 9 further comprising a transfection 
20 facilitating agent. 

44. A method for eliciting an immune response against an influenza virus 
in a subject, the method comprising administering the vaccine composition of claim 
19 to the subject, whereby upon introduction to the subject, the nucleic acid sequence 

25 is expressed to provide the influenza virus M2 antigen in an amount sufficient to 
elicit said immune response. 

45. The method of claim 44 wherein the vaccine composition is combiaed 
with a pharmaceutically acceptable vehicle and administered to the subject in the 

30 form of a liquid. 
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46. The method of claim 44 wherein the vaccine composition is 
administered directly into skin or muscle tissue. 

47. The method of claim 44 wherein the vaccine composition is 
5 administered to mucosal tissue. 

48. The method of claim 44 wherein the vaccine composition is 
administered by inhalation. 

10 49. ' ; , The method of claim 44 wherein the vaccine composition is - 

administered topically . 

50. The method of claim 44 wherein the vaccine composition is 
administered to the subject in particulate form. 

15 

51. The method of claim 44 wherein the nucleic acid sequmce is coated 
onto a core carrier particle and adininistered to the subject using a particle-mediated 
dehvery technique. 

20 52. The method of claim 44 wherein the vaccine composition further 

comprises an adjuvant component. 

53 . The method of claim 44 further comprising the step of administering a 
second vaccine composition to the subject 

25 

54. The method of claim 53 wherein the second vacdne composition is an 
anti-influmza vaccine selected from the group consisting of a whole virus vaccine, a 
subunit vaccine, a split vaccine, a nucleic acid vaccine, and any combination thereof. 

30 55. . The method of claim 53 wherein the second vaccine composition is 

administered to the subject in a boosting step. 
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56. The method of claim 53 wherein the vaccine composition of claim 19 
and the second vaccine composition are administered to the same site in the subject 

57. The method of claim 53 wherein the vaccine composition of claim 1 9 
5 and the second vaccine composition are administered concuirentiy. 

58. The method of claim 53 wh^ein the vaccine composition of claim 19 
and the second vaccine composition are combined to provide a single composition. 

10 . 59: r: A method for Uiing an influenza virus Ml antigen to induce aa 

immune respoiise in a subject, said method comprising: ...... 

(a) obtaining a nucleic acid sequence encoding the M2 antigen; 

(b) providing an expression-cassette by linking the nucleic acid sequence 
to regulatory sequences such that the nucleic acid seq[uence is operatively linked to 

1 5 control sequences that direct e3q)ression of the M2 antigen when introduced into 
tissue of the subject, wherdn said expression cassette is not present in a recombinant 
viral vector, and 

(c) administering the expression cassette to tissue of the subject. 

20 60. The method of claim 59 wherein the e;q)ression cassette is present in a 

plasmid vector. 

61 . The method of claim 59 wherein the nucleic add sequence encodes an 
influenza virus polypeptide. 

25 

62. The method of claim 59 wherein the influenza virus M2 polypeptide 
comprises an amino acid sequence selected from the group consisting of SEQ ID 
NO: 1, SEQ ID N0:2, SEQ ID N0:3, and hybrids or combinations thereof 

30 63. The method of claim 60 wherein the plasmid vector is administered 

directiy into skin or muscle tissue of the subject 
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64. The method of claim 63 wherein the plasmid vector is administered to 
the subject in particulate form. 

65. The method of claim 63 wherein the plasmid vector is coated onto a 
S core carrier particle and administered to tiiie subject using a particle-mediated 

delivery technique. 

66. The method of claim 59 wherein the subject is human. 

10 67, A mutiiod of eliciting a protective immune respoxise ia a subject, said 

method compiisiag ixansfecting cells of the subject with a polynucleotide encoding 
an influenza virus M2 antigen, whorein said transfecting is carried out under 
conditions that permit expression of said antigen within the subject, said 
polynucleotide is not present in a recombinant viral vector, and said expression is 

1 5 sufiBcient to elicit a protective immune response against an influenza virus . 

68 . The method of claim 67 wherein fhe transfecting step is carried out in 
vivo using a particle-mediated transfection technique. 
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A./kichi/69/94-M2-H3N2 

A/Gifu/2/95-M2-H3'N2 

A/IbaraJci/l/9S-M2-H3N2 

A/Kagoshima/10/9S-M2-H3N2 

A/Niigata/ 124/95 -M2-H3N2 

A/Saga/447/94-M2-H3N2 

A/Tochigi/44/95-M2-H3N2 

A/Akita/l/95-M2-H3N2 

A/Hebei/l9/95-M2-H3N2 

A/Sendal/rl71/9S-M2-H3N2 

A/0saka/0t/9S'M2-H3N2 

A/ FORT -WARREN/ 1 / 5 0 - M2 - HlNl 

A/USSR/ 90/77-M2-H1N1 

A/Aichi/2/68-M2-H3N2 

A/ Port -Chalmers/ 1/ 7 3 -M2 -H3N2 

A/Udorn/72-M2-H3N2 

A/ S INGAPORE / 1 / 5 7 - M2 - H2N2 

A/ ANN - ARBOR/ 6 / 6 0 - M2 - H2N2 

A/ Korea/426/68-M2-H2N2 

A/lieningrad/134/57 •M2-H2N2 

A/ BANGKOK/ 1/79 -M2-H3N2 

A/Fukushima/ll4/96-M2-H3N2 

A/Fukushitna/l40/96-M2-H3N2 

A/Alcita/l/94-M2-H3N2 

A/Guangdong/39/89-M2-H3N2 

A/Kitakyushu/159/93-M2-H3N2 

A/ Memphis/ B/88-M2-H3N2 

A/Miyagi/29/9S-M2-H3N2 

A/Niigata/l37/96-M2-H3N2 

A/Shiga/20/95-M2-H3N2 

A/SendaL/c3 84/94-M2-H3N2 

A/H3N2/NY/83-M2 -H3N2 

A/Sendai/cl82/94-M2-H3N2 

A/Shiga/25/97-M2-H3N2 

A/Hebe i/ 12/ 93 "M2-H3N2 

A/WSN/33-M2-H1N1 

A/ PuercO'-Rico/8/34 -M2-H1N1 

Fig.1. 
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MS LLTEVETP I RNE W GcRCNDS S D 
MS LLTEVETP I RNE wGcRCNDs SD 

mslltevetpirnewGcrcnDssd 
mslltevetpirnewGcrcnDssd 
mslltevetpirnewGcrcnDssd 
mslltevetpirnewGcrcnGssd 
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Fig.2. 



MET SER LEU LEU THR GLU VAL GLU THR PRO • ILE 

ATGUGCCTTCTAACCGAGQTCGAAAC • , . A . C C T A T 

TACTCGGAAGATTGGCTCCAGCTTTG. .•TGGATA 
10 20 720 



ARG ASN GLU TRP GLU CYS ARG CYS ASN GLY 

£.A.G,A_A^..S Q^K K T g„ 0^ G^A^. C A G • A T G A A X G G 

G,T .C,i: T .f G'C ;r T A: e G CTCACGTCT A C;*G .T .X, G .C. C. 

110 740 ' ' , • 

SER SER ASP PRO LEU VAL VAL ALA ALA SER 

TTCAAGTGAC CCGCTTGTTGTTGCTGCGAG 

AAGTTCACTG GGCGAACAACAACGACGCTC 

ISO 770 780 

ILE ILE GLY ILE LEU HIS LEU ILE LEU TRP 
TATCATTGGGATCTTGCACTTGATATTGTG 
ATAGTAACCCTAGAACGTGAACTATAACAC 
790 800 810 

ILE PHE ASP ARG LEU PHE PHE LYS CYS ILE 

G A T T T T T GATCGTCTTTTTTTCAAATGCAT 
CTAAAAA CTAGCAGAAAAAAAGTTTACGTA 
820 830 640 

TYR ARG LEU PHE LYS TYR GLY LEU LYS ARG 
CTATCGACTCTTCAAATACGGTCTGAAAAG 
GATAGCTGAGAAGTTTATGCCAGACTTTTC 
850 860 870 

GLY PRO SER THR GLU GLY VAL PRO GLU SER 
AGGGCCTTCTACGGAAGGAGTACCTGAGTC 
TCCCGGAAGATGCCTTCCTCATGGACTCAG 
880 890 900 

MET ARG GLU GLU TYR ARG LYS GLU GLN GLN 
TATGAGGGAAGAATATCGAAAGGAACAGCA 
ATACTCCCTTCTTATAGCTTTCCTTGTCGT 
910 920 930 

ASN ALA VAL ASP ALA ASP ASP SER HIS PHE 
GAATGCTGTGGATGCTGACGACAGTCATTT 
CTTACGACACCTACGACTGCTGTCAGTAAA 
940 950 960 

VAL SER ILE GLU LEU GLU 
TGTCAGCATAGAGCTGGAGTAA 
^ ^ A G T C G T A TCTCGAgqTCATT 
970 980 
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Fig.4. 



GG6GGGGGGG 


GGCGCTGAGG 


TCTGCCTCGT GAAGAAGGTG 


TTGCTGACTC ATACCAGGCC 


60 


TGAATCGCCC 


CATCATCCAG 


CCAGAAAGTG AGGGAGCCAC 


GGTTGATGAG AGCTTTGTTG 


120 


TAGGTGGACC 


AGTTGGTGAT 


TTTGAACTTT TGCTTTGCCA 


CGGAACGGTC TGCGTTGTCG 


180 


GGAAGATGCG 


TGATCTGATC 


CTTCAACTCA GCAAAAGTTC 


gAtttattca ACAAAGCCGC 


240 


CGTCCCGTCA AGTCAGCGTA ATGCTCTGCC AGTGTTACAA 


CCAATTAACC AATTCTGATT 

« 


300 


AC^AAAAC'rC. ArCGAGCATC 


AAATGAAACT GCAATTTATT- (JATATCAGGA. TTATCAATAC, 
Kan CDS . . .. . . -'^ * 


IGO 


CATATTTTTG AAAAAGCCGT 


TTCTGTAATG AAGGAGAAAA 


CTCACCGAGG CAGTTCCATA 
> 


420 




ATCCTGGTAT 


CGGTCTGCGA TTCCGACTCG 


TCCAACATCA ATACAACCTA 
> 


480 


TTAATTTCCC 


CTCGTCAAAA ATAAGGTTAT CAAGTGAGAA ATCACCATGA GTGACGACTG 


540 


AATCCGGTGA 


GAATGGCAAA 


AGCTTATGCA TTTCTTTCCA 


GACTTGTTCA ACAGGCCAGC 
> 


600 


CATTACGCTC 


GTCATCAAAA TCACTCGCAT CAACCAAACC 


GTTATTCATT CGTGATTGCG 


660 


CCTGAGCGAG 


ACGAAATACG 


CGATCGCTGT TAAAAGGACA 


ATTACAAACA GGAATCGAAT 
, , . , > 


720- 


GCAACCGGCG 


CAGGAACACT 


GCCAGCGCAT CAACAATATT 


TTCACCTGAA TCAGGATATT 
> 


780 


CTTCTAATAC 


CTGGAATGCT 


GTTTTCCCGG GGATCGCAGT 


GGTGAGTAAC CATGCATCAT 
> 


840 


CAGGAGTACG 


GATAAAATGC 


TTGATGGTCG GAAGAGGCAT AAATTCCGTC AGCCAGTTTA 


900 


GTCTGACCAT 


CTCATCTGTA 


ACATCATTGG CAACGCTACC 


TTTGCCATGT TTCAGAAACA 
> 


960 
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Fig.4(Cont I). 



ACTCTGGCGC ATCGGGCTTC CCATACAATC GATAGATTGT CGCACCTGAT TGCCCGACAT 1020 
< Kan CDS > 



TATCGCGAGC CCATTTATAC CCATATAAAT CAGCATCCAT GTTGGAATTT AATCGCGGCC 1080' 
< Kan CDS > 



TCGAGCAAGA CGTTTCCCGT TGAATATGGC TCATAACACC CCTTGTATTA CTGTTTATGT 1140 

<. Kan CDS « . . 



AAGCA6ACAG TTTTATTGTT CATGATGATA TATTTTTATC TTGTGCAATG TAACATCAGA 1200 

GATTTTGAGA CACAACGTGG CTTTCCCCCC CCCCCCGGCA TGCCTGCAGG TCGACATAAA 1260 

»CMVJ)ro . > 



TCAATATTGG CTATTGGCCA TTGCATACGT TGTATCTATA TCATAATATG TACATTTATA 1320 

> CMVpro ......> 



TTGGCTCATG TCCAATATGA CCGCCATGTT GACATTGATT ATTGACTAGT TATTAATAGT 1380 

> CMVpro > 



AATCAATTAC GGGGTCATTA GTTCATAGCC CATATATGGA GTTCCGCGTT ACATAACTTA 1440 
> CMVpro ^ 



CGGTAAATGG CCCGCCTCGT GACCGCCCAA CGACCCCCGC CCATTGACGT CAATAATGAC 1500 
> CMVpro > 



GTATGTTCCC ATAGTAACGC CAATAGGGAC TTTCCATTGA CGTCAATGGG TGGAGTATTT 15,60 
> CMVpro > 



ACGGTAAACT GCCCACTTGG CAGTACATCA AGTGTATCAT ATGCCAAGTC CGGCCCCCTA 1620 
> CMVpro 



TTGACGTCAA TGACGGTAAA TGGCCCGCCT GGCATTATGC CCAGTACATG ACCTTACGGG 1680 
> CMVpro * 

ACTTTCCTAC TTGGCAGTAC ATCTACGTAT TAGTCATCGC TATTACCATG GTGATGCGGT 1740 
> CMVpro 



TTTGGCAGTA CACCAATGGG CGTGGATAGC GGTTTGACTC ACGGGGATTT CCAAGTCTCC 1800 
>. . CM\^ro > 
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Fig.4(Cont II). 



ACCCCATTGA CGTCAATGGG AGTTTGTTTT GGCACCAAAA TCAACGGGAC TTTCCAAAAT 


1860 


GTCGTAATAA 


CCCCGCCCCG 


TTGACGCAAA TGGGCGGTAG 


GCGTGTACGG TGGGAGGTCT 


1920 


ATATAAGCAG AGCTCGTTTA GTGAACCGTC AGATCGCCTG 


GAGACGCCAT CCACGCTGTT 


1 PRO 


TTGACCTCCA TAGAAGACAC -CGGGAgCGAT CCAGCCTC:CG CGGCCGGGAA CGGTGCATTG 


2040 






AAGAGTGACG TAAGTACCGC 


CTATAGACTC TATAGGCACA 
, , intron A .... > 


2100 




mo mfn TV fpoo 2\ •T' 


GCTATACTGT TTTTGGCTTG 


GGGCCTATAC ACCCCCGCTC 


2160 




Ajkivj i wVi lao X 


ATAGCTTAGC CTATAGGTGT 


GGGTTATTGA CCATTATTGA 


2220 


CCACTCCCCT 


ATTGGTGACG 


ATACTTTCCA TTACTAATCC 


ATAACATGGC TCTTTGCCAC 
> 


2280 


AACTATCTCT 


ATTGGCTATA 


TGCCAATACT CTGTCCTTCA 


GAGACTGACA CGGACTCTGT 
> 


2340 


ATTTTTACAG 


GATGGGGTCC 


CATTTATTAT TTACAAATTC ACATATACAA CAACGCCGTC 


2400 


CCCCGTGCCC 


GCAGTTTTTA 


TTAAACATAG CGTGGGATCT 


CCACGCGAAT CTCGGGTACG 
. . > 


2460 


TGTTCCGGAC 


ATGGGCTCTT 


CTCCGGTAGC GGCGGAGCTT 


CCACATCCGA GCCCTGGTCC 
> 


2520 


CATGCCTCCA 


GCGGCTCATG 


GTCGCTCGGC AGCTCCTTGC 


TCCTAACAGT GGAGGCCAGA 
> 


2580 


CTTAGGCACA 


GCACAATGCC 


CACCACCACC AGTGTGCCGC 


ACAAGGCCGT GGCGGTAGGG 
> 


2640 
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Fig.4(Cont III). 

TATGTGTCTG AAAATGAGCT CGGAGATTGG GCTCGCACCG TGACGCAGAT GGAAGACTTA 2700 











AGGCAGCGGC 


AGAAGAAGAT 


GCAGGCAGCT GAGTTGTTGT ATTCTGATAA GAGTCAGAGG 


2760 


TAACTCCCGT 


TGCGGTGCTG 


TTAACGGTGG AGGGCAGTGT AGTCTGAGCA GTACTCGTTG 


2820 


CTGCCGCGCG 


CGCCACCAGA 


CATAATAGCT GACAGACTAA CAGACTGTTC CTTTCCATGG 


2880 


GTCTTTTCTG 
> intron A 


CAGTCACCGT 
.» 


CCAAGCTTCC ACCATGAGCC TTCTAACCGA GGTCGAAACA 2940 


CCTATCAGAA 


ACGAATGGGA 


GTGCAGATGC AACGGTTCAA GTGACCCGCT TGTTGTTGCT 


3000 


GCGAGTATCA 


TTGGGATCTT 


GCACTTGATA TTGTGGATTT TTGATCGTCT TTTTTTCAAA 3060 


TGCATCTATC 


GACTCTTCAA ATACGGTCTG AAAAGAGGGC CTTCTACGGA AGGAGTACCT 


3120 


GAGTCTATGA 


GGGAAGAATA 


TCGAAAGGAA CAGCAGAATG CTGTGGATGC TGACGACAGT 


3180 


CATTTTGTCA GCATAGAGCT 


GGAGTAAGGA TCCTCGCAAT CCCTAGGAGG ATTAGGCAAG 


3240 


GGCTTGAGCT 


CACGCTCTTG TGAGGGACAG AAATACAATC AGGGGCAGTA TATGAATACT 


3300 


CCATGGAGAA 


ACCCAGATCT 


ACGTATGATC AGCCTCGACT GTGCCTTCTA GTTGCCAGCC 


3360 


ATCTGTTGTT 


TGCCCCTCCC 


CCGTGCCTTC CTTGACCCTG GAAGGTGCCA CTCCCACTGT 


3420 


CCTTTCCTAA 


TAAAATGAGG 


AAATTGCATC GCATTGTCTG AGTAGGTGTC ATTCTATTCT 


3480 



wo 01/83528 



PCT/GBOl/01924 



8/8 



Fig.4(Cont IV). 



GGGGGGTGGG GTGGGGCAGG ACAGCAAGGG GGAGGATTGG GAAGACAATA GCAGGCATGC 3540 
> bGH pA > 



TGGGGATGCG GTGGGCTCTA TGGCTTCTGA GGCGGAAAGA ACCAGCTGGG GCTCGACAGC 3600" 
>, , • • • • • • • ". IdGH pA ••^».*»»»»o»«^ ■» 

TCGACTCTAG AATTGCTTCC TCGCTCACTG ACTCGCTGCG CTCGGTCGTT CGGCTGCGGC 3660 
> bGH pA » 

GAGCGGTATC AGCTCACTCA AAGGCGGTAA TACGGTTATC CACAGAATCA GGGGATAACG 3720 
CAGGAAAGAA CATGTGAGCA AAAGGCCAGC AAAAGGCCAG GAACCGTAAA AAGGCCGCGT 3780 
TGCTGGCGTT TTTCCATAGG CTCCGCCCCC CTGACGAGCA TCACAAAAAT CGACGCTCAA 3840 
GTCAGAGGTG GCGAAACCCG ACAGGACTAT AAAGATACCA GGCGTTTCCC CCTGGAAGCT 3900 
CCCTCGTGCG CTCTCCTGTT CCGACCCTGC CGCTTACCGG ATACCTGTCC GCCTTTCTCC 3960 
CTTCGGGAAG CGTGGCGCTT TCTCAATGCT CACGCTGTAG GTATCTCAGT TCGGTGTAGG 4020 
TCGTTCGCTC CAAGCTGGGC TGTGTGCACG AACCCCCCGT TCAGCCCGAC CGCTGCGCCT 4080 
TATCCGGTAA CTATCGTCTT GAGTCCAACC CGGTAAGACA CGACTTATCG CCACTGGCAG 4140 
CAGCCACTGG TAACAGGATT AGCAGAGCGA GGTATGTAGG CGGTGCTACA GAGTTCTTGA 4200 
AGTGGTGGCC TAACTACGGC TACACTAGAA GGACAGTATT TGGTATCTGC GCTCTGCTGA 4260 
AGCCAGTTAC CTTCGGAAAA AGAGTTGGTA GCTCTTGATC CGGCAAACAA ACCACCGCTG 4320 
GTAGCGGTGG TTTTTTTGTT TGCAAGCAGC AGATTACGCG CAGAAAAAAA GGATCTCAAG 4380 
AAGATCCTTT GATCTTTTCT ACGGGGTCTG ACGCTCAGTG GAACGAAAAC TCACGTTAAG 4440 
GGATTTTGGT CATGAGATTA TCAAAAAGGA TCTTCACCTA GATCCTTTTA AATTAAAAAT 4500 
GAAGTTTTAA ATCAATCTAA AGTATATATG AGTAAACTTG GTCTGACAGT TACCAATGCT 4560 
TAATCAGTGA GGCACCTATC TCAGCGATCT GTCTATTTCG TTCATCCATA GTTGCCTGAC 4620 
TC 4622 
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SEQUENCE LISTING 

<llb> POWDERJECT VACCINES INC. ET AL 
<120> NUCLEIC ACID IMMUNIZATION 

<130> N. 82483 GCW 

<140> PCT/fflOl/01924 
<141> 2001-05-01 

<150> US 09/561 951 
<151> 2000-05-01 

<150> US 60/200 968 
<151> 2000-05-01 

<i50> US 60/210 580 
<151> 2000-06-08 

<160> 11 

<170> PatentIn Ver. 2.1 

<210> 1 
<211> 24 
<212> PRT 

<213> Influenza A virus 
<400> 1 

Met Ser. Leu Leu Thr Glu Val Glu Thr Pro He Arg Asn Glu Trp Glu 
15 10 15 

Cys Arg Cys Asn Gly Ser Ser Asp 
20 



<210> 2 

<211> 24 ■ ■ • 

<212> PRT 

<213> Influenza A virus 
<400> 2 

Met Ser Leu Leu Thr Glu Val Glu Thr Pro lie Arg Asn Glu Trp Gly 
1 5 10 ■ .15 

Cys Arg Cys Asn Asp Ser Ser Asp 
20 



• <210> 3 
<211> 24 



SUBSTITUTE SHEET (RULE 26) 



wo 01/83528 



PCT/GBOl/01924 



2 

<212> PRT 

<213> Influenza A virus 

<400> 3 

Met Ser Leu Leu Thr Glu Val Glu Thr Pro He Arg Asn Glu Trp Gly 
1.5 10 15 

Cys Arg Cys Asn Gly Ser Ser Asp 
20 



<210> 4 
<2U>'20 
<212> DNA 

<213> Artificia! Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
Construct 

<400> 4 ' ' . 

tccatgacgt tcctgatgct 20 



<210> 5 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
. Construct 

<400> 5 

atcgactctc gagcgttctc 20 



<210> 6 
<211> 65 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
Construct 

<400> 6 

cccaagcttc caccatgagc cttctaaccg aggtcgaaac acctatcaga aacgaatggg 60 
agtgc 65 



<210> 7 
<211> 28 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
Construct 

<400> 7 

cccggatcct tactccagct ctatgctg 



<210> B 
<211> 17 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
Construct 

<400> 8 

Ser Leu Leu Thr Glu Val Glu Thr Pro He Arg Asn Glu Trp Glu Cys 
1 5 10 15. 

Arg 



<210> 9 ■ 
<211> 294 
<212> DNA. 

<213> Influenza A/Kagosh1ma/I0/95(H3N2) 

<220> 
<221> CDS 
<222> (1)..(291) 



<400> 9 



atg 


age 


ctt 


eta acc 


gag gtc 


gaa 


aca cot ate 


aga 


aac 


Met 


Ser 


Leu 


Leu Thr 


Glu Val 


Glu 


Thr Pro He 


Arg 


Asn 


1 






5 






10 






tgc 


aga 


tgc 


aac ggt 


tea agt 


gac 


ccg ett gtt 


gtt 


get 


Cys 


Arg 


Cys 


Asn Gly 


Ser Ser 


Asp 


Pro Leu Val 


Val 


Ala 








20 






25 






att 


ggg 


ate 


ttg cac 


ttg ata 


ttg 


tgg att ttt 


gat 


cgt 


He 


Gly 


He 


Leu His 


Leu lie 


Leu 


Trp He Phe 


Asp 


Arg 




35 






40 






45 


aaa 


tgc 


ate 


tat cga 


etc ttc 


aaa 


tac ggt ctg 


aaa 


aga 


Lys 


Cys 


He 


Tyr Arg 


Leu Phe 


Lys 


Tyr Gly Leu 


Lys 


Arg 




50 






. 55 






60 





3aa tgg gag 48 
31 u Trp Glu 
15 

3eg agt ate 96 
Ma Ser He 
30 

ctt ttt ttc 144 
Leu Phe Phe 

□gq cct tct 192 
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acg gaa gga gta cct gag tct atg agg gaa gaa tat cga aag gaa cag 240 
Thr Glu Gly Val Pro Glu Ser Met Arg Glu Glu Tyr Arg Lys Glu Gin 
65 70 75 80 

cag aat get gtg gat get gac gac agt eat ttt gtc age ata gag ctg 288 
Gin Asn Ala Val Asp Ala Asp Asp Ser His Phe Val Ser He Glu Leu 
85 90 95 

gag taa 294 
Glu 



<210> 10 
<m> 97- 

<2^2> m ■ • 

<213> Influenza A/Kagosh1ma/10/95(H3N2) 

<400> 10 

Met Ser Leu Leu Thr Glu Val Glu Thr Pro He Arg Asn'Glu Trp Glu 
15 10 15 

Cys Arg Cys Asn Gly Ser Ser Asp Pro Leu Val Val Ala Ala Ser He 
20 25 30 

He Gly He Leu His Leu He Leu Trp He Phe Asp Arg Leu Phe Phe 
35 • 40 45 

Lys Cys He Tyr Arg Leu Phe Lys Tyr Gly Leu Lys Arg Gly Pro Ser 
50 55 60 

Thr Glu Gly Val Pro Glu Ser Met Arg Glu Glu Tyr Arg Lys Glu Gin 
' 65 70 75 80 

Gin Asn Ala Val Asp Ala Asp Asp Ser His Phe Val Ser He Glu Leu 
85 90 '95 • 

Glu 



<210> 11 
<211> 4622 
<212> DNA 

<213> pM2-FL plasmld 
<400> 11 

gggggggggg ggegctgagg tetgcetcgt 

tgaatcgccc catcatccag cdagaaagtg 

taggtggacc agttggtgat tttgaacttt 

ggaagatgcg tgatctgatc cttcaactca 

cgtcccgtca agtcagcgta atgctctgcc 

agaaaaactc atcgagcatc aaatgaaact 

eatatttttg aaaaagccgt ttctgtaatg 

ggatggcaag atectggtat cggtctgcga 



gaagaaggtg ttgctgactc ataceaggcc 60 
agggagccac ggttgatgag agctttgttg 120 
tgctttgcca cggaacggtc tgcgttgtcg 180 
gcaaaagttc gatttattca acaaagccgc 240 
agtgttacaa ccaattaaec aattctgatt 300 
gcaatttatt catatcagga ttatcaatac 360 
aaggagaaaa ctcaccgagg cagttccata 420 
ttccgactcg tccaacatca atacaaccta 480 
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ttaatttccc ctcgtcaaaa ataaggttat caagtgagaa atcaccatga gtgacgactg 540 
aatccggtga gaatggcaaa agcttatgca tttctttcca gacttgttca acaggccagc 600 
cattacgctc gtcatcaaaa tcactcgcat caaccaaacc gttattcatt cgtgattgcg 660 
cctgagcgag acgaaatacg cgatcgctgt taaaaggaca attacaaaca ggaatcgaat 720 
gcaaccggcg caggaacact gccagcgcat caacaatatt ttcacctgaa tcaggatatt 780 
cttctaatac ctggaatgct gttttcccgg ggatcgcagt ggtgagtaac catgcatcat 840 
caggagtacg gataaaatgc ttgatggtcg gaagaggcat aaattccgtc agccagttta 900 
gtctgaccat ctcatctgta acatcattgg caacgctacc tttgccatgt ttcagaaaca 960 
actctggcgc atcgggcttc ccatacaatc gatagattgt cgcacctgat tgcccgacat 1020 
tatcgcgagc ccatttatac ccatataaat cagcatccat gttggaattt aatcgcggcc 1080 
tcgagcaaga cgtttcccgt tgaatatggc tcataacacc ccttgtatta ctgtttatgt 1140 
aagcagacag ttttattgtt catgatgata tatttttatc ttgtgcaatg taacatcaga 1200 
gattttgaga cacaacgtgg ctttcccccc ccccccggca tgcctgcagg tcgacataaa 1260 
tcaatattgg ctatt.ggcca ttgcatacgt tgtatd;dta t.cataatatg tacatttata 13?.0 
ttggctcatg tccaatatga ccgccatgtt gacattgatt attgactagt tattaatagt 1380 
aatcaattac ggggtcatta gttcatagcc catatatgga gttccgcgtt acdtaactta 1440 
cggtaaatgg cccgcctcgt gaccgcccaa cgacccccgc ccattgacgt caataatgac 1500 
gtatgttccc atagtaacgc caatagggac tttccattga cgtcaatggg tggagtattt 1560 
acggtaaact gcccacttgg cagtacatca agtgtatcat atgccaagtc cggcccccta 1620 
ttgacgtcaa tgacggtaaa tggcccgcct ggcattatgc ccagtacatg accttacggg 1680 
actttcctac ttggcagtac atctacgtat tagtcatcgc tattaccatg gtgatgcggt 1740 
tttggcagta caccaatggg cgtggatagc ggtttgactc acggggattt ccaagtctcc 1800 
accccattga cgtcaatggg agtttgtttt ggcaccaaaa tcaacgggac tttccaaaat 1850 
gtcgtaataa ccccgccccg ttgacgcaaa tgggcggtag gcgtgtacgg tgggaggtct 1920 
atataagcag agctcgttta gtgaaccgtc agatcgcctg gagacgccat ccacgctgtt 1980 
ttgacctcca tagaagacac cgggaccgat ccagcctccg cggccgggaa cggtgcattg 2040 
gaacgcggat tccccgtgcc aagagtgacg taagtaccgc ctatagactc tataggcaca 2100 
cccctttggc tcttatgcat gctatactgt ttttggcttg gggcctatac acccccgctc 2160 
cttatgctat aggtgatggt atagcttagc ctataggtgt gggttattga ccattattga 2220 
ccactcccct attggtgacg atactttcca ttactaatcc ataacatggc tctttgccac 2280 
aactatctct attggctata tgccaatact ctgtccttca gagactgaca cggactctgt 2340 
atttttacag gatggggtcc catttattat ttacaaattc acatatacaa caacgccgtc 2400 
ccccgtgccc gcagttttta ttaaacatag cgtgggatct ccacgcgaat ctcgggtacg 2460 
tgttccggac atgggctctt ctccggtagc ggcggagctt ccacatccga gccctggtcc 2520 
catgcctcca gcggctcatg gtcgctcggc agctccttgc tcctaacagt ggaggccaga 2580 
cttaggcaca gcacaatgcc caccaccacc agtgtgccgc acaaggccgt ggcggtaggg 2640 
tatgtgtctg aaaatgagct cggagattgg gctcgcaccg tgacgcagat ggaagactta 2700 
aggcagcggc agaagaagat gcaggcagct gagttgttgt attctgataa gagtcagagg 2760 
taactcccgt tgcggtgctg ttaacggtgg agggcagtgt agtctgagca gtactcgttg 2820 
ctgccgcgcg cgccaccaga cataatagct gacagactaa cagactgttc ctttccatgg 2880 
gtcttttctg cagtcaccgt ccaagcttcc accatgagcc ttctaaccga ggtcgaaaca 2940 
cctatcagaa acgaatggga gtgcagatgc aacggttcaa gtgacccgct tgttgttgct 3000 
gcgagtatca ttgggatctt gcacttgata ttgtggattt ttgatcgtct ttttttcaaa 3060 
tgcatctatc gactcttcaa atacggtctg aaraagagggc cttctacgga aggagtacct 3120 
gagtctatga gggaagaata tcgaaaggaa cagcagaatg ctgtggatgc tgacgacagt 3180 
cattttgtca gcatagagct ggagtaagga tcctcgcaat ccctaggagg attaggcaag 3240 
ggcttgagct cacgctcttg tgagggacag aaatacaatc aggggcagta tatgaatact 3300 
ccatggagaa acccagatct acgtatgatc agcctcgact gtgccttcta gttgccagcc 3360 
atctgttgtt tgcccctccc ccgtgccttc cttgaccctg gaaggtgcca ctcccactgt 3420 
cctttcctaa taaaatgagg aaattgcatc gcattgtctg agtaggtgtc attctattct 3480 
ggggggtggg gtggggcagg acagcaaggg ggaggattgg gaagacaata gcaggcatgc 3540 
tggggatgcg gtgggctcta tggcttctga ggcggaaaga accagctggg gctcgacagc 3600 
tcgactctag aattgcttcc tcgctcactg actcgctgcg ctcggtcgtt cggctgcggc 3660 
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gagcggtatc agctcactca aaggcggtaa tacggttatc cacagaatca ggggataacg 3720 
caggaaagaa catgtgagca aaagggcagc aaaaggccag gaaccgtaaa aaggccgcgt 3780 
tgctggcgtt tttccatagg ctccgccccc ctgacgagca tcacaaaaat cgacgctcaa 3840 
gtcagaggtg gcgaaacccg acaggactat aaagatacca ggcgtttccc cctggaagct 3900 
ccctcgtgcg ctctcctgtt ccgaccctgc cgcttaccgg atacctgtcc gcctttctcc 3960 
cttcgggaag cgtggcgctt tctcaatgct cacgctgtag gtatctcagt tcggtgtagg 4020 
tcgttcgctc caagctgggc tgtgtgcacg aaccccccgt tcagcccgac cgctgcgcct 4080 
tatccggtaa ctatcgtctt gagtccaacc cggtaagaca cgacttatcg ccactggcag 4140 
cagccactgg taacaggatt agcagagcga ggtatgtagg cggtgctaca gagttcttga 4200 
agtggtggcc taactacggc tacactagaa ggacagtatt tggtatctgc gctctgctga 4260 
agccagttac cttcggaaaa agagttggta gctcttgatc cggcaaacaa accaccgctg 4320 
gtagcggtgg tttttttgtt tgcaagcagc agattacgcg cagaaaaaaa ggatctcaag 4380 
aagatccttt gatcttttct acggggtctg acgctcagtg gaacgaaaac tcacgttaag 4440 

ggattttggt. catgagatta tcaaaaagga-tcttcaccta gatcctttta aattaaaaat 4500 > 
gaagttttaa * atcaatctaa agtatatatg agtaaactfcg gtctgaeagt taccaatgct 45i50 
taatcagtg? ggcacctatc-tcagcgatct gtctatttcg ttcatccata gttgcctgac 4620. V .' 
tc 4622 
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